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Thl g book, oostprised of a susasary, a main history in six 
sections, and four appendices, is intended to present a brief but 
reasonably co»plete aeeount of the whole? F«S Project. 

the reoorda of the Office of ii&jor General t. 8,. Groves, 
Washington, B. C, and of the Henhattas Diet riot, Oak Ridge, have 
formed the principal sou roes of the data on which this report is 
based. These have been supplemented by consultations, discussions 
and oorreeporxdenc« with those concerned in the ada&nistration, re- 
search, development, eons true t ion and operation of the project j 
also by inspection of the installations • all statements and ail 
figures, insofar as possible, have been cheeked at their original 
sou roes* 

The period covered by this Boole extends from the inception 
of the P-0 project to the termination of Manhattan District control 
on 31 Becember 1946. 

The suaaaary, as its naate implies, is a condensation of 
the zain history. Its headings, sections, paragraphs and sub* 
paragraphs are designated by numbers and letters identical with 
those of the corresponding portions of the saaln history j therefore, 
any reader of the su&s&ary who desires acre detailed information on 
any paragraph iaay readily turn to the corresponding paragraph (or 
group of paragraphs) is the saain history. All references to source 
data are confined to the main history, wherein they are usually 




icsertad per»i:th«ticaHjj each reference directs the ra&der to 
tite appropriate appendix, where the drawing, photograph, or 
doc&sent itself , or else it* titlo, location and file desjUmatl 
may be found. To avoid repetition, refsreroe* to the appendix 
listing* of the Teoimioal ieporte and the Costraote have hose 
generally omitted j these doouswmte are ssjwrately lie ted In 
Appendices CI and C'l and they can be readily identified from 
their designation* is the text. 
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SOiffl'AKY 

1.. General . 

1-1 • The Furpoae of the so-called P-9 Project was 
to provide "heavy water", or deuterium oxide, for the manufacture 
of Plutonium and for other war uses uihioh might develop. The 
purpose of the project lias been successfully attained t heavy 
water lias been produced in the required quantities. 

1- 2. Authorization . All action in connection with 
this project was taken under authority granted by Congress aud in 
accordance with orders issued by the President in conformity 
therewith, as generally set forth in another book.. Major General 
L. R. Groves directed or authorised the general policies and 
directives under which the Manhattan District carried out the 
work. The 8-1 Committee of OSRD and the Military Policy Com- 
mittee registered their general approval of the basic deoisions 
involved. 

2. Hesearoh and Development. 

2- 1 • BaBic Theory . Science had previously determined 
that natural water is composed of "light 1 * water and deuterium 
oxide or "heavy" water, and that natural hydrogen likewise has 
two components, which are isotopes, "light" hydrogen and "heavy' 1 
hydrogen. The problem presented for solution was the production 
of heavy water — from natural water, or from heavy hydrogen first 
produced from natural hydrogen, or by some other practicable means. 

2-2. Specifio Research Projects. Both before and after 
the project was turned over to the ftar Department, as represented 
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by the Manhattan District, in the summer of 1942, the OSRD entered 
into a number of contracts, on behalf of the Government, for re- 
search and development work on this problem, Thia work was carried 
out principally by Standard Oil Development Co., Columbia University, 
Northwestern University, University of Minnesota, Universal Oil 
Products Company, Consolidated Mining & Smelting Co., of Canada, Ltd. 
of Trail, B. C», Canada, and £, I* du Pont de Nemours and Company.. 
The work under most of these contracts, and the preparation of the 
technical reports whloh they called for, continued after the pro- 
ject was transferred to the Manhattan District* 

2-3. General Investigations indicated that the plant of 
the Consolidated Mining & Smelting Co., at Trail, B. C, was the 
only existing hydrogen producing plant in either the United States 
or Canada in which hydrogen was manufactured by the eleotrolytlo 
method in the quantities required. The early investigations also 
indicated that hydrogen obtained by the electrolytic method might 
be the most suitable for producing heavy water. These facts 
automatically determined the location, subsequently, of one of the 
heavy water producing plants and precluded the use of the same 
process elsewhere. 

2-4. The major Decisions Required Included: what process 
or proo eases should be fully developed and used; to what production 
oapaoltiea selected processes should be developed} and where the 
manufacturing plants should be located. The decisions finally reached 
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were unanimously approved in nil important respects by thoss In charge 
and their oonsult&nti. \\ ? 

2-6, The Processes Cone Ida red were many, the ohoioe vat 
finally narrowed down to the following four i (1) the "hydrogen-wator 
exchange" process in combination with the "electrolytic* process, (2) 
the "water distillation "process, (3) the "hydrogen sulphide-water 
duotetspsrature exchange " prooeea, and (4) the "triethylaailne" proeees. 

2-9, The Principal Decisions baaed on the research and 
development work and the first ate pa taken to carry them out weret 

a« Deolalon for Trail Plant i To install facilities at the 
existing ammonia plant of the C K 4 8 Co. in Trail, 8. C. for produc- 
tion ef heavy water at an estimated rate of about 0»6 tons per month, 
by the "hydrogen exchange" process, using natural water frost the 
Columbia Elver and the hydrogen already in production at that plant* 
To Implement thia decision contracts were made, on behalf of the 
Government, with the CH&S Co. (for development, design and construction), 
with E. S. Sadger 4 Sons Company (for engineering and dealgn of an "ex- 
change unit") and with Stone and Webster Engineering Corporation (for 
engineering, oonatruotion and managerial services. } 

b. Decisions for Plants In United States t To 
install supplementary facilities at three existing U. S, Govern- 
ment Ordnanoe Works, namely, Morgan tovra Ordnance Works, Wabash 
River Ordnance Works, and Alabama Ordnanoe lorks, for produotion 

of heavy water at estimated rates of 0.4 tons, 1.2 tons, and 0.6 
tons per month, respectively, by the "water distillation " process, 

using steam to be obtained insofar as possible from excess supplies 
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available at the plants, and usiny natural water from local 
sources. To implement these decisions a contract was made with 
the du Pont Company providing for design of the required facili- 
ties, later suporaeded by supplements to existing separate 
Ordnance Department contracts for the respective plants* 

2-7. The Specifications of the Product , as devised 
with the assistance of the Metallurgical Laboratory of the Uni- 
versity of Chicago, provided principally that the minimum con- 
centration of heavy water for any shipment of finished product 
should be 99. 7%' and the minimum average concentration of heavy 
water for all shipments should be 99*75%, 
3, Design and Engineering. 
1 ■ 3-1, Plant at Trail, 3. C. 

a. The Site of the Trail plant is located on the 
property of the C U & S Co., mostly at the works of that company* s 
Chemical and Fertilizer Division at Garfield, B, C, about 2 miles 
west of Trail* The principal advantages of this site were) the 
existing plant facilities, including particularly the hydrogen 
gas which was available j and the benefit of the experience of the 
personnel at the plant, in connection with design, construction 
and operation* The only disadvantage was location outside the 
United States, and the advantages far outweighed this disadvantage. 

Lease arrangements were niada for the United 
States Government to lease six parcels of land from the C U & S Co, 
and a seventh parcel from the Allied War Supplies Corporation, 
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representing thr s Canadian Government, These parcels, upon which 
the new construction vtas pieced, totalled 0.47S acres* 

bm Contracts for design and engineering for this 
plant were wade with Stone end Eeboter Engineering Corporation and 
Consolidated Mining & Smelting Co.; subcontracts were made by 
Stone & Webster with E. B. Badger & Sons Co. and Universal Oil 
Products Company. 

c. The Procedure followed required in general that 
all design and engineering work first performed by C If & S Co, and 
Badger, should be checked and reviewed by Stone and Webster and 
approved by representatives of the 03RD S-l Committee and the 
Stanhattan District. 

d. The Description of Proooss say be summarised 
with extreme brevity as follows? 

(1) In the Primary Plant, normal water is led 
downward through three first stage towers wherein it meets up- 
flowing hydrogen in the presence of a catalyst and thereby inoreases 
its concentration of heavy water, some of the light hydrogen com- 
ponent of the natural water being displaced by the heavy hydrogen 
oomponent of the upflowing hydrogen. Essentially the same pro- 
cedure is repeated in the second, third and fourth stage towers. 

(2) In the Secondary Plant, the water drawn 
from the fourth stage of the primary plant (containing approxiraately 
2.3°S heavy water) passes successively through three stages or bat- 
teries of electrolysing cells? in the colls of each stage it is 
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broken down electrically into hydrogen and oxygen; the liquid 
remaining in the cells beeomes increasingly concentrated with 
heavy water, and the finally concentrated product, approximately 
99*8% heavy water, is drawn from the third stage cells. 

(3) Two Catalysts were developed for use in 
the process j (a) Platinum-charcoa l and (b) Hickel-ohromlum. The 
latter was planned and ordered as a reserve, but its production 
was discontinued when the platinum-charcoal catalyst, manufactured 
by J» T. Baker & Co., had proved to be satisfactorily efficient 
and durable* 

e* Coats of design and engineering are included 

■ 

with oosts of construction, etc., set forth hereinafter, as they 

i 

have not been segregated* 

3-2. Plants in the United States. 

a. The Sites in the United States which were se- 
lected for the location of the three plants for the manufacture 
of heavy water by the water distillation process were Government- 

* 

owned reservations at which Ordnance $orks were in existence and 
still under construction! 

(1) Morgantown Ordnance Works, Morgantown, 
Monongalia County, West Virginia. 

(2) Wabash River Ordnance Works, Newport, 
Vermillion County, Indiana. 

(3) Alabama Ordnance Works, Sylaeauga, 
Talladega County, Alabama. 
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The principal advantages of those sites werei 
the existing^plan' facilities of the various Ordnance V.'orks, in- 
cluding steam generating facilities and other utilities j the avail- 
ability of various services and personnel; and land already owned 
by the Government. These factors effected savings in time and in 
costs of construction and operation which would not have been pos- 
sible at any other sites* 

b. Contra ots for design and engineering for these 
plants were made with E. I. du Pont de Nemours & Co., In the form 
of supplements to existing War Department cost-plus-a-fixed-fee 
Ordnance contracts, 

c. The Procedure followed provided, in substance, 
for general supervision of design by the Manhattan District and 
general administrative control by the Ordnance Department, whieh 
has cooperated efficiently with the District throughout the work* 
Sound considerations of administrative control influenced the 
decision to locate the electrolytic finishing plant (for Increasing 
the concentration of the semi-finished material withdrawn from the 
three distillation plants) at the ffiorgantown Ordnance Works rather 
than at one of the other Ordaanoe Works, 

d» The Description of Process may be summarised 
with extreme brevity as follows i 

(1) The Water Distillation prooess is car- 
ried out in eight stages, each of which has its own distillation 
tower or towers. Normal water is led downward through a series 



of plates within the first stage towers, meeting upf lowing steam 
or vapor arising from water boiling in the bottom portions of the 
towers, and picking up heavy water therefrom. The water collected 
in the bottoms of these towers, now more concentrated with heavy 
water, is fed to the tops of the seoond gtage towers and essentially 
the same procedure is repeated in ©aoh succeeding stage through the 
eighth* 

(2) In the Eleotrolytle Finishing Plant 
(at Morgan-town Ordnance Works only) the feed water, about 90# 
heavy water, coming from the eighth stage of each water distil* 
lation plant, is fed in batohes to electrolysing cells j in this 
process the semi- finished feed water is broken down into hydrogen 
and oxygen | and the heavy water therein tends to remain in the 
cells while the light water is driven off* The process is repeated 
through several stages, producing the finally concentrated product, 
99.7;s> or more heavy water. 

*• Costs of engineering and design for the water 
distillation plants are included with the costs of construction and 
•quipment hereinafter, as they have not been segregated. 
4* Construction . 

4-1. Plant at Trail . 

a. Contracts, Orders and Leases. The prime 
construction contract was a cost-plus-a-fixed-fee contract nego- 
tiated by the ftar Department with Consolidated Mining and Smelting 
Company of Canada, Ltd. Supply contracts for catalysts were made 
with Harshaw Chemical Company and J. T. Baker & Company. Purchase 
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Order* for freotionating towers ware Issued to E. X. Hi oka i-ngineer- 
ing Company, lad., end ortlaan Metal Froduota Company , Ine.j ftleo, 
for oatalyet, to Bakar & Conpany. Looses for lend have been 
described previously. 

jt>. PoaoriPtlon. The new buildlaga oonatruotod 
ineluded the Booeter and the Friaary evaporator Building a, tha 
Frlaery Tower Structure, Cool ins Tower, funp Eooao, Oxygon Serubbor 
fewer, end Catalyet Shedj eddltloaa to exieting buildings included 
the Secondary Concentration riant, the aseay laboratory and the 
Steam Boiler Flant. all the prlaolpel itrueturoa oonfora In general 
architectural treatment and eonatruotlon to the exieting buildings 
nearby, with brlokr exterior walla, built-up roofing end son o rata 
foundational the o there are aainly of temporary eonatraetion, with 
corrugated transita aiding. These buildings hosse all the equipment 
reeuired eaaentially for the prod notion of the heavy water. 

For the neat part the existing utilities, with 
aeeeesery extenaiona and eoaneetlone, aerve the new plant. 

$T Frogrses . Construction started 1 September " 
1042 and was completed SO June IMS, with ae notarial delay a. 
the Secondary Gonoentration Cell Flant wae treneferred to the 
opera tore 1 lay and the first stage towers 16 June IMS. 

d. Coats, including ail ear Department eoats for 
assign and engineering ae well aa eoaatruetion and shipment and 
including C$sO Sxpendituree from Kar Department fund a t totalled, 
as of SI Deoewber 1M6, 12,604,888, The eon tractor* a fixed fee 
wac one dollar. 




4-2. Plant at tforgantrmn Ordnance TTorks » 

a» Contra etc . The prime construction contract 
was the same coot-plue-a-f ixed~fee supplement to the Ordnance 
Contract with the du Font Company vfhieh covered design and engi- 
neering* Subcontracts were let for special parts of the work, 

b. Description , The new buildings constructed 
included the Process Pump and Control Building (with the Distil- 
lation Towers and other equipment) % the Finishing ( Electro lytio) 
Building; the Change House, Office and Laboratory Buildingj the 
Product Storage Building] Cooling To war j and Low Pressure Boiler 
House* These buildings are mainly of temporary construction, with 
wood frame, corrugated asbestos siding, built-up roof and concrete 
foundations, except the Boiler House, which has a structural steel 
frame. They house the equipment required essentially for the pro- 
duction of the heavy water. Some other equipment was also installed 
in the existing Power House and the existing Filter Plant. For the 
most part the existing utilities, with necessary extensions and 
connections, serve the new plant. 

o. Progress. Construction started 7 January 1943 
and was completed (exoept for changes during operation) 31 December 
1943, with no Biatrial delays. The first unit of the plant was 
placed in initial operation 29 Slay 1943 and the last 28 August 1943* 

d. Costs, inoluding engineering end design as well 
as construction and equipment, but not including any costs incurred 
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under OSRD oontraota, totalled, ua of SI Deoenber 1946, $3,476, 20S. 
The contractor's fixed fee waa 186,688, included in the total. 
4-3 • Plant at ftabash River Ordnanoe ftorke. 

a. Contraota. The prime construction contract was the 

i use oost-plus-a-flxed fee supplement to the Ordnanee Contract with 
the du Pont Coepany whioh covered design and engineering* Sub- 
oentraote were let for epeoial parte of the work. 

b. Deeorlptlon. Except for the omission of the electro- 
lytic finishing building and except for differenoee in sisee of 
building! , the new plant buildings here were cimilar to thoae at 
Jforgantown. An Area Gate and Guard Bouse and a warehouse or shop 
were also constructed, and instead of the low-pressure boiler house 
(at Morgan town), an addition was built to the existing Power Bouse. 
For the meat part the existing utilities, with necessary extensions 
and oonneotions, serve the new plant, but the existing water supply 
system was supplemented by new wells. 

e* frogreee. Construction started 28 January 1943 and 
was completed 18 December 1942, with no material delay a. Initial 
operation of the units began 17 June 1948 and all stages were ready 
for full operation 18 September 1943. 

d. Coats, lnoludlng engineering and design as well as 
construction and equipment, but not including any costs lnourred 
under OSSD oontraots, totalled, as of 81 Boeeaber 1946, $7,885, 989. 
The contractor's fixed fee was 1162,472, included in the total. 



4-4. Plant at Alabama Ordaacog Works. 

a. Contragtg , Tha prima oonstruotion contract was 

the aama oost-plus«a<»fixed-fea supplamant to tha Ordnanoa Contrast 
with tha du Pont Company whioh covered design and engineering. 
Suboontraota vara lat for special parti of tha work* 

b. Paaoriptlon . Sxoopt for tha omission of tha eleotro* 
lytio finishing building and except for diffaranoaa in tiaaa of 
building*, the turn plant building! hara war* similar to thoia at 
Morgan town. An Area Gate and Ouard Eouae and a vara house or a hop 
were alio constructed. Io new power house was built # but some 
additional equipment vaa inatalled in tha existing Power House | 
som was also installed in the existing Pump House. For the 
moat part the exlating utilities, with necessary extenaiona and 
oonneotions, serve the new plant, but a new aeptlo tank vaa in* 
stalled for the sewer system. 

o. Progress . Gonatruotlon started 11 February 1843 
and waa completed (exclusive of some revisions not ooneidered a part 
of the original work) IS HoTombar 1949. with no material delaya. 
The first unit of the plant waa plaoed in initial operation 29 Itay 
1943 and tha last unit 4 September 1943. 

d. Costs. Including engineering and design aa well aa 
oonatruotios and equipment, but not including any costs incurred 
under OBRV eontraots, totalled, as of 31 Daocmber 1946, $3,319,927. 
The contractor's fixed fee was I 70,388, inoluded in the total. 
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4-6. Recapitulation of Cocta, 

Plant Appro* » Total Oott 

Trail Plant (inoloding OSiiD Bnpendi tores $2, 804, 682 
fro* Kur Department Funds) 

Morgemtown Plant 3,475,206 

Wabaah River Plant 7,888, Ml 

Alabama Plant 8,818,027 

08RD Expand itu mi from War Department Fond a 88.160 
for Planta in C. 8. #17,847,888 

The aatiaataa of aoat of the thraa planta In tha Baited 

Stataa, aa atatad In their reepeotive oontraoti, exolueiva of faaa, 

totalled, eombined, about 128,000,000. Thic nay be compered with 

tha am of tha aatual eoita of thaaa thraa planta, including faaa 

(but exoluding othar expenditurec ), aa liatad above, #14,681,001. 

6. Operation 

8-1. Plant at Trail. B. 0, 

a. Tha Contract for operation of tha manufacturing 

plant waa made with tha CoDaolldatod Mining and Smelting Company, 

aa operator, and tha aontraot for operation of tha addition to tha 

•team plant aaa aavda with tha Canadian Government, tha C« 8, & 8. Co. 

•erring aa intervenant. Tha eontraet for operation of tha menu* 

faoturlng plant provides, in general, for the 0 U a 8 Company to 

operate the plant and for the V, S, to pay all operating eoete, 

without profit, for the product obtained | the aontraot aontaina 

detailed provlelona and oonditlona, ooneerned in part with the 

neeeceary oonourrent operation of the contractor's eleatrolytie 
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asmonia producing plant,, and providing for four successive periods 
which night extend eon* 88 years after the cessation of hostilities 
in the present war* a Period One, or first period of operation} 
a Standby Period | a Second Period of Operation ! and a Lease Period. 
During the final lease period, which is to be SI years, the 6 U St S 
Company has the right to purchase the plant, under certain conditions i 
if the company does not exercise this right, the United States Is to 
dismantle the plant and restore the G VIS Company premises to their 
previous o erudition. 

The C M & S Contract was Modified, effective 1 September 
1946, frost a cost-plus to a unit price basis. The original 6 M & 8 
P-9 Contract provided for the contractor's privilege to use all 
production during the "standby period" and 80$ of all production in 
the "seoond period of operation". Since the Oovemaent desired to re- 
tain control of all material during these periods. It was necessary to 
devise a nodi float ion of the eontraot In which the contractor agreed to 
turn over oomplete production to the Government on a unit price basic. 
The unit prloe was established such that the Government paid the con- 
tractor's price of $78.72 per pound for the entire production in the 
ninety day standby period following 1 September I $4 6 and #63.44 per 
pound for the entire production during the seoond period of operation. 
The price for the second period of operation wae arrived at by 
averaging of the production at the contractor's prloe, vis., #78.78, 
and 8Q£ *t cost-plus-overhead, vis., #28.00 per pound. 
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b. girtory of gpwratlon . The history of operation of tho 
plant at Trail, froa tho start-up on 16 Juno 1949 wai for tho moat part 
a continuous struggle to got into tho full produotion of 1000 Iba par 

■ 

month, originally proposed, aa quiokly as possible. This goal was finally 
roaohod in Deoember 1944 instoad of August, tho month first estimated. Dur- 
ing tho poriod of gradually lnoraasing Monthly produotion, studios were made 
of tho problem of produot lossos, with tho holp of tha. roprosontatlTos di 
Columbia UniTonity, who had boon following tho projeot oloaoly, and various 
stops woro taksn to •lisinmto loakngo and improve produotion* 

j». tho Produotion Rooords show that produotion increased almost 
oontinuously, from SI pounds par month in July 1948, tho first oomploto 
month of operation, to 1050 pounds por month in Deoember 1944. finoo 
Doooabor 1944 tho produotion at tho Trail Plant has averaged moro than 1100 
pounds por month and tho total oumulatiTO produotion to tha and of Oooambar 
1946 was 86,880 pounds of P-9. 

d. Produotion Posts . Tho operating ooata from July, 1948 to 
1 September 1946 averaged about #26,281 per month. In thia time the unit 
eost por pound of P-9 Produot had decreased from #1010 per pound in August, 
1948 to #24 por pound in August, 1946. After 1 feptember, 1946 the unit 
oost of the P»9 inoroasod to #78.78 per pound for the 90-day standby period 
and #68.44 per pound thereafter. This Inoroasod oost waa resultant of the 
Modification lo. 1 to the Trail Oontraot (lee 8-1 ik above) • 
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Aa of 1 Saptambar 1946 tha total ooat, inoludlng 
amortisation of tho oonatruotion ooata baaod on 120-month plant 
lifa, was approximately #69.00 par pound. 

6-2. Planta In tha United Statea. 

a. Tha Oontraota for oparation of tha thraa heavy 
water produolng planta In tha United 8tates ara tha tana three 
supplements to tho raspootira oost-plus-a-f ixad-faa ordnanea 

< 

aontraota with tha duPont Company prerioualy Mntionod aa 
sowing design and oonatruotion. fhaaa aontraota prorldod for 
minimum monthly operating faas aa wall aa par "unit" (or par ounoo) 
operating faaa. These faas, with tha "units" translatad to pounds 
ara as follows i 

Plant Op or sting faas | 

For ■onthly First For Additional 

Production in lbs Pee par lb Monthly Produo- Par Month 
of* tion, Poo Par lb 

Moreaatown 600 $6.08 #8.60 I 8,400 

Wabash lirar 6,400 9.88 4.60 10,700 

Alabajsa 1,600 9.88 4.80 7,000 

Monthly faa payswnts wars baaad on tha amount of 
finiahad product drawn from tha Mergaatown finishing plant, equitably 
proportioned to tha thraa plants, in aooordanoo with tha amount of 
unfinlahad produo t auppliad by eaoh. 

b. Tha oparating Proooduro followad providee in ganaral 
that tha Ordnanaa Oommanding Offioor at oaoh plant axsrolssa 
adainiatrstire aontrol and tha Manhattan Diatriot Snginaar axaroiaas 
taohnioal suparrlaion, tharaby aroiding duplioation of paraonnal 
and maintaining dasirad saoraay and affiaianoy. 
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o. Rlstory of Operation. For the« plants likawlae 
the history of operation, from the respective dates of at*rt-up 
of full operation, in August and September, 1948, to 1 April 1945, 

was for ths wost part a oontinuous struggle to got into full design 
production, originally estimated at 4,800 lbs par south. Although 
it beoaaae apparent that this rata was not likoly to bs fully attained, 

•very effort to Increase production was continued, with the help of 

an independent committee of consultants. Numbers of suggestions 

were made for eliminating losses and improving produotionj these 
were all oar* fully considered and those which seemed most prasticabls 
and promising were tried out. The most important of these was the 

repair of the plates in the large diameter first stage towers, to 
reduce by-paai leakage, this improvement was successfully made 
on a sample pair of towers at Sfergantewnf the results indicated 
that almilar reconstruction of all first stage towers at all three 

plants would increase production very materially. By the tine 

that this had been determined, however, at the beginning of the 

* 

year 1946, it was estimated that an approximate balance between 
supply and demand for the finished product would soon be reached, 

i 

and it was deoided that the oomplete reconstruction would not be 
justified. 

the dufont P-9 distillation plants at the Alabama Ordnance 
Berks, Wabash giver Ordnanos Works and Morgsntowu Ordnance Works 
were shutdown in June, July and August, 1946, respectively* The 
eleotrolytlc finishing plant operations at morgamtown Qrdnanoe Works 
were terminated in September, 194$. In cases considered economically 
feasible. Intermediate products drained from these plants were 

forwarded to Trail and introduced into the Trail Operations, resulting 



in a act increase in production at Trail of approximately 1800 pounds 
of P-9 while normal Trail operation! and operational costs remained 
undisturbed • 

d. The Production looords show that 8488 lbs of hea-ry 
water wore produced at the morgantewa electrolytic finishing plant 
(from the unfinished product of all three distillation plants) during 
the month of February, 1944. from that month to August, 1948 the 
monthly production has varied between 1991 lbs to 8020 lbs, except 
during the month of august, 1944, when production dropped to 1299 

i 

lbs bscause the experiment was tried of temporarily discontinuing 
drawing off from the distillation plants in the hope that the effici- 
ency would bo increased by building up internal concentrations* The 
average monthly production from February, 1944 through August, 1948 
was 8877 lbs and the total cumulatiTC production for this period was 
48,869 pounds. This does not include 786 pounds of special product 
{.90% enriched) and 9181 pounds of material rceorercd in Germany and 
reworked to product specifications in the finishing plant* 

e. Production Costs* The production costs for the period 
February, 1944 to the time when each plant was placed in standby \ 
averaged approximately as follows » 

Average Monthly 

Plant Production Post 

sbrgantown Ordnance Works #72,000 
Wabash liver Ordnance Works 197,400 
Alabama Ordnance Works 184.000 
Total 9428,400 
The average production cost per pound during this period was 
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approximately $186. If plant amortisation based on 120-month plant 
Ufa !• inoluded, this produotion oost would be approximately $816 
per pound i or if full amortisation of the total oonatruotion ooete 
is inoluded, the oost would average about $650 per pound. 
8-3. Eooapltulation . 

a. Produotion Beoords . The total cumulative produo- 
tion to the end of December, 1946 for all four heavy water plants was 
81,470 pounds of P-9 Produet. This figure does not include 726 pounds 
of speoial produet nor 8161 pounds of German product reworked to P-9 
produet speelfioatlons at Morgantown Ordnanoe Works. At present the 
total produotion is inoreasing at the rate of approximately 1100 
pounds per month* The feet that performance did not meet expeotatlona 
(with respect to the date ef attainment of designed production, at the 
Trail -Plant, and with respeot to both the maximum rate of produotion 
and the date ef Its attainment, at the plants in the United States) , 
was due principally to the novelty of the material and the processes* 
The scientists and engineers merely set their sights somewhat too highi 
and as they were dealing with a comparatively new material and compara- 
tively new processes never before attempted for quantity produotion, 
this is not surprising* The constant efforts of all 
concerned to Inorease produotion and their suoeess is attaining the 
production actually needed are noteworthy* 

b. Produotion Costs for all four plants combined, cumulative 
te 31 December, 1 846 were about $11,867,000. This total is inoreasing 

at a monthly rate of about $69,000 plus $1,776 required to maintain 

\ 

~\ 

\ 
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the United States plants in stand-by, 

o» The estimated Total Cost per Pound of Product, 
from all four plants combined, inoluding amortization of 
oonstruotion oosts of the Trail, B, C* plant based on 120 months 
plant life, is approximately $204. If the entire oonstruotion 
costs are assumed to be amortised as of the end of Deoember, 1946 
this total oost per pound of Produot is approximately $356* This 
represents a mean oost of $650 per pound for the three plants in 
the United States and $111 per pound for the plant at Trail* The 
lower oost of the hydrogen-water exchange plant at Trail Is re- 
sultant to a considerable extent from the fact that hydrogen 
was already being produced at that plant, with facilities already 
existing* 

5-4* Shipments of Material, In partially concentrated 
form, were .made from the Alabama and Wabash River distillation < 
plants to the Morgantown eleotrolytio plant by Railway Express 
under "Money" receipts, in sealed, special metal containers* 
Deliveries to and from the Express offices were made by special 
truck* Shipments of the finished product from the Trail Plant 
and from Morgantown, to the University of Chioago, respectively, 
are and were handled similarly by Railway Express* 

6* Organization and Personnel* 

6-1* Administration* In another book the Government 

— — — > ■ ■ ■ ■ 

organization and personnel for the overall administration of this 
projeot, inoluding the parts played by the OSRD, the S-l Committee, 
and the Military Policy Committee are set forth. The projeot 
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functioned under the dirootion of Major Gen oral L. K. Groves, 
with the Manhattan District carrying out bis general inat mo- 
tions. From 20 July 1943, Colonel K. u, ffioholt was District 
Engine* r of the Manhattan District, succeeding Col on* 1 J. C, 
Marshall on that date. A separate unit of the Manhattan D strict, 
under Major H. 8. Traynor, was In charge of the development and 
production of the product, with separate officers in general 

i 

head ling the ooastruotloa work and the operation work at eaoh 

.._■■>. )■■. 1 

plant* 

■■ 

8-2. Sosoaroh end DovolopBisnt Personnel vere headed by 
Br. H, C. Drey, at Columbia University, Sons of the work was aleo 
oarried on at Princeton University, Northwestern University and the 
University of Minnesota, and by Universal Oil Product* Company and 
the du Pont Company. 

8-3. Design Personnel lnoluded principally, for the plant 
at frail. Sr. C. E. aright of Consolidated Mining & Smelting Company 
and Mr. A. L. Hart ridge, of Stone and Webster Sngineering Corpora* 
tlonf and for the plants in the U, S. Mr, E, 0. Aokart, Mr. 
Granville M. a»ad, Mr. torn C. Gary, and Mr, V. B. Thayer of S. I. 
du Pont de Kemours and Company. 

6-4. Cofltte ruction Personnel lnoluded principally t 
Mr, H. P, Teidje of C M ft S Co. at Trail, B. C.| Mr. B. 0. Aokart 
and Mr. Granville M. Head of the du Pont Company for the plants 
In the U. S. 
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6-5. Operating Personnel inoluded prinoipallyi Dr, C« H. 
Wright, of C M & S Co. at Trail, B. C.j Dr. J. A. Monier, Dr. W. 
Bebbington and Mr. V. R. Thayer of the du Pont Company, in charge 
of general technioal supervision of operation at the three plants 
in the United States. A total of 45 employees are now operating 
the Trail plant. 

A special committee of consultants was called upon to 
advise in connection with the operation of the plants in the 
United States, and this committee was headed by Dr. W. K. Lewis 
of Massachusetts Institute of Technology* 

6-6. General* To the loyalty, cooperation, skill and 
hard work of all those named above, as well as many others, too 
numerous to mention, is due the successful attainment of the 
purpose of this project. 
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HA18EWTAK DISTRICT HISTOBY 
BOOK III - TBS F-9 FKOJECT 
SKCTIOH 1 - QESERA.L 

\ 

1-1. Purpose. 

a. The purpoie of the P~» Projeot (the torn used to 
deal gnats th« heavy water project) as determined at the outset, 
was the provision of "heavy water" or deuterium oxide for the following 
usee* 

(1) Ao an essential Material to be used In developing 
a "heavy eater" method of manufacturing plutoniua. This was an al> 
teraate prooeas, or insurance, in the event that the "graphite* fall* 
eoale production Method (making use of graphite inatead of heavy 
water) encountered unpredictable and delaying obstacles whloh oould 
not be overcome In time for the end product to be of use during the 
war. 

(2) As a material whose •oientifio possibilities, 
whloh the enemy might uncover, had yet to be fully explored. It was 
known that the Germane were making serious efforts to produce heavy 
water. 

b. This purpose has been suooossfully attained. The 
product has been manufactured by two different prooesses. One of 
those prooesses has been carried on at an existing sleotrolytio 
hydrogen plant owned by the Consolidated Mining & Smelting Company, 
Ltd., at Trail, British Columbia, Canada. 
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The other process has been carried on at thrse of the U. S, Gov* ru- 
men t* a existing Ordnanoe plants i The Korgantown Grdnaooo Works, 
Morgan totra, Best Virginia} the iabesh Diver Ordnanoe Works, Hewport, 
Indiana, and the Alabama Ordnanoe Horks, Sylaoauga, Alabama . 

o. Although the construction of new plants, or parts of 
plants, for production of the desired material was required In each 
oase, the partial use of existing industrial facilities reduoed this 
const motion to a minimum and effected very material savings in ever* 
all eos ts « The plant which was installed at Trail, 1* O s , in of foot 
makes use of hydrogen already in production, borrowing it from the 
OKU Company for the new process and then returning it again to 
that company for its ammonia production, minus a constituent which 
they did not needj each of the three other plants made use of steam 
for which the equipment was already available or could be installed 
with a minimum of new construction. Many additional facilities 
(utilities, services, etc.) which were already in existence before 
the new plants were installed have also been used to advantage, as 
will be noted hereinafter* 

d. The material produced has been used in a joint project 
with our allies and the material and the methods of ite production 
remain available as "insurance" in connection with other known 
uses. The potential future uses of the product are still unaffeotedf 
the scientific knowledge and data available to the Government have 
through the proseoutlon of this project been increased immeasurably i 

c 
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the ohanoes of the enenay outstripping tlw sclenoe of this country 
hare boon correspondingly decreased. In this oonneotioa — in evalu- 
ating the overfill purpose and accomplishments of the projeot— it is 
well to look into the future. Regardless of what final plans for 
continuing peaoc nay be developed, it is certain that peace for this country 
can be siade secure only if the Government maintains a leading position in 
the development of potential new war materials and war methods. 
1*2* Authorisation. 

a* All action in connection with the institution and prose- 
cution of this projeot was taken under authority granted by Congress 
in the Aots which are described in another book (Book 1 )j the funds 
used were likewise appropriated by Acts there described. 

b« Under the authority vested in him by these Acts, the 
President issued orders and authorisations which are described in the 
sane book (look I). 

o. Major General L. B. Groves directed or authorised the 
general policies and directives under whioh the Manhattan District 
carried out the work. The S-l Committee of the OSRD and the Military 
Policy Cosuaittee registered their general approval of the basic de- 
cisions involved, as reoorded in the minutes of meetings or in other 
documents In the projeot files. (Appendix Dlj See also Seotion 6, 
Organisation and fersonnsl). 




SECTIOH 2 - EKU AECH A1ID DEVELOPMENT 



2-1. Baalc Theory. 

a. Before this project was undertaken uoienso had already 
determined that natural water ie composed of "light" water and 
deuterium oxide or "heavy" water j that natural hydrogen likewise has 
two components, "light" hydrogen and deuterium or "heavy" hydrogen, 
and that these are isotopes j and that when "heavy" hydrogen la burned 
with normal oxygen it forma "heavy" water. 

b. Scienoe had alao determined, to the degree of aoouraoy 
theretofore attainable, that both "heavy" water and "heavy" hydrogen 
are present in the ratio of roughly oca part in 7000, or .015%, In 
natural water and natural hydrogen respectively. Prior to the ex- 
tensions of scientific knowledge which developed from this project, 
it waa generally assumed that the "heavy" water concentration was 

the same in all natural waters j but the recent research has led to the 
theory—not yet aooepted by all— that thia ratio variea and that some 
natural watera contain more heavy water than others. The total range 
of the variations is so close to the range of errors in measurement 
by the means so far devised, that this theory of variations has not 
yet been generally aooepted. Correspondingly, these variations seem 
too small to produce appreciable effects in the manufacturing pro- 
cesses, although it was at one time thought that the use of a natural 
water having a low heavy water oontent might be a serious handicap. 

c. The problem presented, for solution by those in charge 
of research and development, was, broadly speaking, the production of 




heavy -water by one or more) of so-verel possible means: by separation 
from natural water f or by production of heavy hydrogen and formation 
of heavy water therefrom j or by some other method which might be 
developed. 

2-2 • Specific Research Frojects, 

a. In the summer of 1942, certain portions Df the S-l work, 
oonoerned with the development and production of uranium— including 
heavy watei* production— were transferred from the OSHi) to the iter 
Department* (See App« D2) At that time a considerable amount of 
heavy water research and development work had already been started 
under contract, including specifically the following more Important 
projeots (See App. Cl for Reports and App. C2 for Contracts) i 

(1) Investigation for construction and operation of 
a pilot plant for the production of heavy water. This work is des- 
cribed in Technical Reports Hos. 397, dated 24 November 1942, and 
S-103, dated 16 Deoeraber 1942, and is oovered by Contract OEMar-l 66, 
with Standard Oil Development Company, dated 8 December 1941, ef- 
fective, with its supplements, for the period 1 August 1941 to 31 
December 1942* 

(2) Investigation of suitable catalysts for use in 
heavy water production plants. This work is described in Technical 
Report hom S-108, dated 16 December 1942, and is covered by Contraot 
OELJar-407, with Standard Oil Development Company, dated 23 J£ay 1942, 
effective, with its supplements, for the period 21 January to 21 
July 1942. 

(3) Separation of heavy water. This work is des- 
cribed in Technical Report Ho, A-1933, dated 28 February 1944, and 
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le covered by t*vo contracts, with Columbia University! OEMsr-107 
dated 29 October 1941, effective, with ita supplements, 1 July 1941 
to 31 July 1942j and OMsr-412, dated 23 May 1942, effective, with 
its supplements, for the period 1 December 1941 to 31 August 1944. 
The latter contract was superseded by Yiiar Department Contract No. 
W-7405 eng-50, on 1 May 1943. 

(4) Development of" continuous deuterium analytical 
apparatus and determination of . deuterium content of water samples. 
This work is described in Technical Reports Kos. A-359, dated 4 
November 1942, and A-627, dated 1 February 1943, and is covered 
by Contract OEMsr-482, with Northwestern University, dated 18 June 
1942, oifective, with its supplements, for the period 1 May 1942 
to 31 January 1943. 

(6) Studies, cost ostlmatsa, preliminary engineering 
work on a large-scale heavy water production plant and experimental 
investigations, especially on the tests of catalysts. This work is 
described in Technical Report No. A-6QQ, dated 2 December 1942, and 
is covered by Contract OEMsr-797, with Consolidated Mining & Smelting 
Company of Canada, Ltd., dated 4 January 1943, effective, with its 
supplements, for the period 1 February to 30 September 1942. 

(6) Studies and experimental investigations in con- 
nection with the mass spectrograph, and construction of a number of 
spectrometers. This work is described in Technioal Report No. A- 797, 
dated 20 October 1943, and is covered by Contraot OEMsr-149, with the 

i 

University of Minnesota, dated 19 November 1941, effective, with its 
supplements, for the period 1 July 1941 to 30 June 1943. 
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b. Further researoh was instituted after the transfer to 
the Manhattan District, including particularly the following additional 
specific projects i 

(1) Studies and experimental investigations in 
connection with the development of nickel or other catalysts for 
promoting exchange reactions. This work is described in Technical 
Reports Nos. A-501 (Columbia Serial Mo. 100 XR-26), dated 14 January 
1943, and A-534, dated 13 February 1943, and is covered by Contract 
OEMar-693, with Universal Oil Produots Co., dated 16 October 1942, 
effeotive, with its supplements, for the period 10 September 1942 

to 31 March 1943. 

(2) Engineering studies for the development of a 
method of producing heavy water from ammonia by the "direct method". 
This work is described in Technical Report No. A-394, dated 4 Decem- 
ber 1942, and is covered by Contract OBMsr-776, with E. I* du Pont 
de Nemours & Company, Wilmington, Delaware, executed by the Director 
of OSRD upon the recommendation of the S-l Committee on 26 September 
1942. This contract was dated 8 December 1942, effeotive for the 
period 1 October 1942 to 1 April 1943. 

(3) Studies for the development of a method of pro- 
ducing heavy water by the solvent extraction of natural water with 
triethylamine. This work is described in Final Report No. A-1916, 
dated 15 December 1S43, and is covered by Letter Contract No., 
fi-7412 eng-68, with the du Pont Company, dated 19 July 1943, super- 
seded by the correspondingly numbered lump sum contract dated IE 
March 1944. 

c. A number of other studies and experiments had also 
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been carried on, but the above represent those whioh were the most 
comprehensive and important . A list of technical reports appears 
in Appendix CI. 

2-5. Gene ral Inveatigat ions . 

a. The OSkD had obtained statistics, in 1941, of all 
existing hydrogen producing plants on this continent, for the pur- 
pose of determining which was best suited for use in conjunction 
with one of the proposed processes for manufacture of heavy water 
(App. D3 ) . It was found that the plant of the Consolidated Mining 
& Smelting Company of Canada, Ltd., located at Trail, 8. C, was 
the only one in either the United States or Canada in whioh the 
hydrogen was manufactured by the electrolytic method in the required 
quantities. This automatically determined the location of one of 
the heavy-water producing plants, as described hereinafter, and pre- 
cluded the possibility of rapid development of production by the 
same process anywhere else. 

b. Early investigations had shown that hydrogen ntanu- 
faotured by the coke and natural gas processes was deficient in 
"heavy" hydrogen, a basic component of heavy water. At this time 
hydrogen manufactured by the eleotrolytio taethod was considered 
the most suitable for producing heavy water, and therefore the re- 
search in connection with the production of hydrogen, for use in 
the production of heavy water, was then confined to the electrically 
produced £as only. 
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2-4. Decisions acquired . 

a. Baaed upon the knowledge and data obtained from the 
research work, tha following major daolaiona ware required i 

(1) What prooeaa or prooesses ahould ba fully 

!i ■ 

d aval oped and used in manufaoturej 

(2} To what production oapaoitiea aaleoted processes 
ahould ba developed! 

(S) Where the manufacturing plants ahould be located, 
b. During the eourae of reaching deoiaiona on theee pointa, 
it waa inevitable that there ahould be differences of opinion among 
the oonaultanta and others upon whoa the responsibility rested | and 
the exigencies of the war, with the over-powering necessity to save 
every possible day of tine, would not permit the lengthy Investi- 
gations both in and out of tha laboratory which a no real peace-time 
program would have demoded • Nevertheless, every available argument 
pro and oon was developed and carefully weighed, in conference after 
conference, and the decisions oon formed clearly to the overall re* 
sultants of these discussions* Generally un an i mo ua agreement waa 
reached on all the most Important aotiona. 
2-6. Processes Considered , 

a. Careful consideration was given to every one of the known 

or assumed possible methods of produoing heavy water, the ehoi$8 was 
finally narrowed down to the following four processes i 

(1) the "hydrogen-water exchange " process by whioh deuterium 

was concentrated in a oatalytio exchange reaction between hydrogen 
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gas and water vapor • Speoial consideration was given to this proaess 
bsoause of the availability of a pure hydrogen, generated eleotro- 
lytieally for the manufaoture of ammonia at Trail „ B. C. this process 
was gone rally recognised to be in a more advanced state j therefore, 
mora certain in its results than any of the other* • (Sat App. Cli 
8-97, A-608, 3-10a, and A-19S3). 

(2) The "water distillation* process, or proeeee (App. 
CI i A-501, A-344, and A-1938). 

(3) The "hydrogen sulphide-water duo tempera to re exchange" 
process, or "S* process. This was recognised as being •till In the 
early experimental stages j and therefore, leaf certain in Its results 
than either of the two preceding processes, but it wee regarded aa 
very promising! studies for its development were continued, with 

the approval of the 8*1 Committee, even beyond the time that 
decision was made to adopt other processes. This process was not 
adopted because of its oontlnued uncertainty and because the infer- 
nation available indicated that it would take store time to develop, 
that it would be more costly, and that it would require greater 
Quantities of oritloal materials, principally stainless steel. 
Probably the most serious and doubtful problem Involved in this 
prooess was the pro too t ion of equipment against the eorrosive ef foots 
of the water-hydrogen sulphide mixture i it was believed that the 
addition of inhibitors or the use of a protective coating of "Hereaite" 
would solve this problem and reduce the need for stainless steel, but 
adequate long-time teats were still required to prove the efficiency 
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of either of these actions. <App. Cl» A-7«lj App. Da, D5, and Bfi). 

(4) The "triothylaains" prooess. Preliminary laboratory 

research at Columbia University and at tho Massachusetts Institute 

of Technology had indicated that heavy water sight be produced 

economically by this prooess and that this prooess night be carried 

out in plants constructed for production of heavy water by water 

distillation, with but little nodi float! on. Final fieport So. A- 1916 

s ho wad, however, that the use of trlethylaalne was not feasible and 

consequently research on the process was finally abandoned* 
b. foiasnolaturo . 

The nomenclature of these processes, comparatively new 
as they arc, has not yet become standardised! therefore some of the 
prooesses way be referred to In the records by names other than those 
used herein. The names here used are the most informative, however, 
and It is believed that they can be readily identified by the context 
when ftmrrmA to by other names. 
2-d. Principal Scolclona. 

** decision for Trail flant . 

To install facilities at the existing ammonia plant of 
the Consolidated Mining and Smelting Company, in Trail, S. 6,, for 
the production of heavy water at an estimated rate of 0.5 tons 
per month, by the "hydrogen gas'' prooess, using natural water from 
the Columbia Kirer and the hydrogen which was already in production 
at that plant. (App. Dl). 

(1) Once the determination had been made to seleot 
this type of prooess, the decisions as to location and rate of pro- 
duction were dictated almost automatically by the conditions* As 
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previously noted, Trail was the only location where eleotrolytically 
produced hydrogen was already available, and estimates indicated 
that production of 0.6 tons per month could be expected without undue 
extensions to existing facilities. 

(2) To implement this decision, the following first 
steps were takenj 

(a) The O.S.R.D. issued a Letter of Intent to 
Consolidated Mining and Smelting Company of Canada, Trail, British 
Columbia, dated 26 February 1942, to make expenditures up to #5,000 
for studies and investigations with regard to electrolysis for a 
heavy water plant. 

(b) The OSRD issued a Letter of Intent to Con- 
solidated Mining and Smelting Company, dated 1 May 1942, to make 
additional expenditures up to #50,000 for studies for a heavy water 
plant and changes in their existing plant and for experimental in- 
vestigations, including tests of catalysts.. 

(c) The OSRD entered into Contract Ho. QEMsr-797, 
with Consolidated Mining tr. Smelting Company, dated 4 January 1943, con- 
firming and superseding both of the two Letters of Intent described 

in paragraphs (a) and (b) above and providing for total payment of 
#66,000, the sum of the two payments thereunder. This contract pro- 
vided for the conduct of studies and preliminary engineering* on a 
large scale plant for manufacturing heavy water or P-9, the conduct 
of investigations and the reporting of results} it was effective 
for the period from 1 February to 30 September 1942. This work is 




desoribed in Technical Keport &o. A-608, dated 2 December 1942* 

(a) The OSRD authorized E. B. Badger & Sons 
Company, 76 Pitts Street, Boston, Massachusetts, in May 1942, to 
proceed with the engineering and design of an "exchange unit" for 
a heavy water plant at Trail, B. C. (This authorisation was later 
confirmed by lump sum subcontract No. 22 (C-819), dated 16 July 
1942, between Stone and Webster Engineering Corporation and the 
Badger Company.) (App. D7). 

(e) Shortly after the project was taken over 
by the Manhattan District, Stone * Webster Engineering Corporation 
assumed the duties of furnishing the general architectural, engin- 
eering, construction and managerial services for the work at Trail, 
B. C, as a part of their overall architeet-engineer-construotion- 
management services for the Manhattan District, under Contract So.- 
IS- 7401 ©ng-13, dated 29 June 1942. 

b. Decisions for Plants in U. 8. 

To install supplementary facilities at three existing 
Government Ordnance Works for the production of heavy water at an 
estimated combined rate of 2.4 tons per month (Morgantown Ordnance 
Works, 0.4 tons per month, Wabash River Ordnance Works, 1.2 tons 
per month; Alabama Ordnance V.orks, 0.6 tons per month) by the 
"water distillation" process, using steam to be obtained insofar 
as possible from excess steam available at the plants, to be supple- 
mented if necessary by the construction of additional steam generating 
facilities, ana using natural water from a local source in each case. 
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Upp. D8 f 1)9), 

(1) The problem of deternining how much of the 
product should be scheduled for production fit. these plants was a 
difficult one, and at different times different quantities were 
under consideration, varying in summation from 2 to 5 tone per 
month. The total amount of heavy water which would bs required 
was unknovm. It would depend upon the final choice of method for 
producing plutoniuia and this likewise was unknown at the time the 
decisions had to be made. The only thing that could be done was 
to exercise considered judgmant and schedule such quantities as 
seemed most reasonable, and sound decisions were reached. The 
predetermined schedules (calling for a total of 2.4 tons per month 
at the throe Ordnance Plants combined, or 2.9 tons per month at all 
four plants combined) have produced quantities which have proved to 
be sufficient for all necessary research and experimentation and 
they have enabled the War Department to obtain the necessary design 
and operating experfence for such future expansion as may some day 
be necessary. 

(2) In determining the plants at which this process 
should be developed and carried on, many existing* Ordnance Plants 
were considered (including especially those Ordnanoe Plants in the 
natural gas area between New Orleans, Louisiana, and Corpus Christi, 
Texas), in order to determine those locations at which the greatest 
advantage to the Government could be obtained from existing materials 
and existing facilities. It is believed that this advantage was 
secured at the sites selected. 




(3) To implement these deoisiona, the following 
first steps were tekenj The Manhattan Distriot issued Letter 
Contract No, Vi- 7412 eng-4, dated 16 November 1942, to the du Pont 
Company. This oontreot provided for the design, oonstruotion and 
operation of a plant for the production of heavy water, in addition 
to studies, etc., from which the type of plant was to be determined. 
In accordance with this oontraot, at • conference on 29 December 
1942, with General L. R. Groves and Colonel K. D. Nichols, the de- 
oisions were reached to prooeed with the design and oonstruotion of 
facilities for produotion of heavy water at the three Ordnance 
Works and in the approximate quantities above desoribed. On 31 
December 1942, a supplement to Letter Contract Ho. W-7412 eng-4 
was issued, authorising expenditure of $16,000,000 instead of 
16,000,000, the original tentative figure. 

(4) The du Pont Company was selected for this work 
principally for the following reasons i (a) they were splendidly 
equipped with facilities, organisation and personnel well qualified 
for biasing new trails in the development of now processes of manu- 
facture, (b) they were already recognised as leading designers, 
builders and operators of munitions plants, (c) they were already 
engaged on the construction of the three Ordnance Plants in question. 

(6) The du Pont Company agreed-with some hesitation— 
to undertake the work, despite the diffioulties involved and despite 
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the lack of any specific knowledge, largely because of their re- 
cognition of the importance of the work as a war project. 
2-7. Specifications of the Product * 

a* Exact specifications of the product were not established 
before arrangements wore made for construction and operation of the 
proposed plants for production of heavy water, because at that time 
the exact standards required were unknown. It was agreed, however, 
that the final produot would have a concentration of heavy water In 
the neighborhood of 99# to 100%, 

b. At a conference in Sew York on 18 November 1943, be- 
tween representatives of the Metallurgical Laboratory of the University 
of Chicago, the du Pont Company and the Manhattan District, tentative 
specifications were agreed upon and it was decided that final speci- 
fications would be determined by the Metallurgical Laboratory, Uni- 
versity of Chicago, as the organization most concerned with standards 
of purity and concentration. (App. D10)* 

o. Subsequently p the following specifications for the 
finished product were adopted (App. Dll and D12)i 

(1) The minimum concentration of heavy water for any 
shipment of product after oorreotion for O^q content shall be 99. 7#. 

(2) The minimum average concentration of heavy water 
for all shipments of product from eaoh plant shall be 99.75$. 

(3) All finished product shall have pi of 6.0 to 6.6. 

(4) fio adjustment of Ojg isotope shall be made in 
any produot unless it exceeds ten times normal concentration. 
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(£>} So specific limitation need b« placed an impuri- 



ty* , in view of tli& ••vsral diitiilatians provided Is esefe plsust 
during the process of Jfctum/'itoturiag the final preset, expected 
to reduce impurities to insignificant proportion*. 



product, as drawn froa each of the three distillation plants et the 
Ordnance forks, before processing In the eleetrolytlo pleat at Mor- 
gentown (ee dssorlbed hereinafter)* It was felt that it weald be 
ftost unwise to eet en/ epeeiflo standards, for concentration ef 
heavy em tor or other quell f lections, es this might easily handicap 
production, fho characteristics of the scud -finished product were 
accordingly left for dote mi nation by the operator, M dloteted by 
operating conditions, end specifications were fixed for the final 
product only, *a it ems drees froa the electrolytic pleat, ks e 
natter of feet, the concentrations to be attained la Zam seal- 
finished product naderwent change* daring the period of operation* 



Those concentrations obtained at the tire the three water 
distillation plants were placed In steadier vat about to **0£. 



d. So specifications eere fixed for the semifinished 
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SFCTIOK 3 - DESIGN AW ENOIMFERIMG 

3-1. Plant at Trail, B. C. 
a* Site. 

(1) Description (App. D13). 

(a) The Trail plant is located on the property 
of the Consolidated Mining and Smelting Company of Canada, Ltd., 

in the Trail Area, Kootenay Distrlot, Province of British Columbia, 
Dominion of Canada. Trail is about seven miles north of the Wash- 
ington State border, International Boundary, and about 102 miles 
north of Spokane, Washington. 

(b) The Canadian Paoifio Hallway serves the 
area, with previously existing traek facilities direot to the pro- 

) 

jeot site. The principal roads entering the city are« a continu- 
ation of U» S. Route Ho. 395 from Spokane to Kettle Falls and 
Washington Route Ho. 22 from Kettle Falls northward, orosslng the 
Canadian border near Patterson; and the Southern Trans-Provincial 
Highway, B. C. Route Ho. 3, entering Trail from Nelson, British 
Columbia. 

(e) Trail is located in the Columbia Stiver 
Valley basin with the mountains of the Selkirk Range towering 
around the city. The principal industry of the region consists of 
the mining, smelting, chemical and fertiliser works of the CM. & S. 
Company.. 



i 
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(d) The works of the C. M. & S. Company have 
two me in locations in the Trail Areai the smelter at Tadanao, B. C, 
immediately north of irail, and the ohemioal and fertiliser division 
at Warfield, B. c.^ about 2 miles west of Trail. Most of the new 
construction work was performed at the Garfield site, whioh is a 
broad level plateau about 630 feet above the Columbia River. The 
principal soil type on this plateau is sand, and no unusual foundation 
problems were encountered* 

(e) The principal advantages of this site weret 
the existing plant facilities of the C* M. Is S. Company, including 
particularly the hydrogen gas available from their own ammonia manu- 
facturing process, as well as existing structures, utilities, ete.f 
and the benefit of the experience of the personnel of the C. V. & S. 
Company in connection with design, construction and operation of the 
new plant. 

(f) The only disadvantage of this site was its 
location outside the boundaries of the United States. As previously 
noted, however, this was the only existing plant on this continent 
at whioh eleotrolytioally produced hydrogen was available in the 
required quantities. The advantages of this site far out-weighed 
its disadvantage* 

(2) Lease Arrangements* 

(a) Under the terms of the contract between 
the United States Government and the Consolidated Mining & Smelting 
Company hereinafter described all alterations to C. M. & S. owned 
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facilities remain the property of that oompany and title to all 
new facilities erected on company owned property are rested in the 
United States Government. (App. C2s «»7405 eng-10)* 

(b) The land upon which the new construction 
was placed has been leased to the U. S. Government, in six paroels 
by the C. M. & S. Company, and in a seventh paroel by the Allied 
War Supplies Corporation* an agency of the Canadian Government • 
(App. C2t rf-7418 eng-70).. So rental is paid for this land other 
than the general considerations speoified in the contract. The 
seven paroels may be tabulated as follows i 



Ground Area 

Paroel Ho- Occupied by Leased From in Sq. Ft. 



1. Booster flldg. ) CM&S Co* 7,363 
Evaporator Bldg.) 

Tower Struoture ) 

2. Secondary Plant CM&S Co. 5,388 

3. Cooling lower) CMAS Co* 3,060 
Pump House ) 

4. Assay Laboratory CM&S Co* 850 

5. Oxygen Tower CM&S Co* 195 

6. Catalyst Shed CM&S Co* 1,120 

7. Steam Plant AWS Corp. 2,688 



TOTAL 20,664 

or, 0.474 acres 



(App. Al and D14) 
b. Contracts. 

(1) The contracts for design and engineering in con- 
nection with the plant at Trail were as follows i 

(a) Fixed Fee Architect-Enginoer-Manager Contract, 
between the U. S. Government and Stone and Webster Engineering Corpor- 
ation, 90 Broad Street, New York, H.Y., Contract No. W-7401 eng-13, 
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dated 29 June 1942. 

(b) Fixed Fee Architect* Engineer (and Con- 
struction) Contract, between the U. S. Government and Consolidated 
Mining k Smelting Company, Ltd., Trail, B. C, Canada, Contract So. 
W-7406 eng-10, dated 31 July 1942. 

(o) DSHD Contract OESiar-797 with CtS&B Company, 
dated 4 January 194S, affective for the period 1 February to SO 
September 1942. (See Seotion 2) 

(d) Lump Sum subcontract, between Stone end 
Webster Engineering Corporation and E. B. Badger and Sone Company, 
75 Pitta Street* Boston, Massachusetts, dated 15 July 1942, Ho. 22 
(C-319), covering design and preparation of finished engineering 
drawings for complete exchange unit and the procurement of certain 
equipment and materials therefor* 

(2) There was also the following subcontract for 
design, engineering and consulting services in connection with the 
production of nickel-ohromium, which was proposed ae an alternate 
catalyst for the plant at Trail. 

Lump Sum Subcontract, between Stone and Webster 
Engineering Corporation and Universal Oil Products Company, 310 
Michigan Avenue, Chicago, Illinois, dated 21 October 1942, So. 21 
(C-818). 

e • Procedure . 

In general, the engineering and design work was first 
performed by C M ft S Company under their research and development 



contract and their construction contract and was then submitted 
to the Stone and Webster office in Boston for check and review. 
It was then reviewed and approved by a representative of the OSKD 
S-l Committee, by a Manhattan Distriot Area Engineer in Boston 
and finally by the Manhattan District. The same general procedure 
was followed for the engineering and design work which was first 
performed by £• B. Badger & Sons Company. 

i 

d* Deaoription of Prooess. (App. A5 and D16). 

(1) Primary Plant. Normal water is fed to the 
tops of three first stage towers containing alternate layers of 
bubble cap plates and perforated trays filled with oatalyst* 
Flowing downward through the towers the water oomes in contact 
with hydrogen (produced in a battery of first stage electrolytic 
oells) passing upward* By means of this oontaot between the 
oounterf lowing hydrogen and water in the presence of a oatalyst 
and in the bubble oap plates* the heavy hydrogen component of 
the upf lowing hydrogen displaces some of the light hydrogen, a 
oomponent (with oxygen) of the downflowing water, increasing the 
concentrations of heavy water in the water coming out of the bottoms 
of the towers. (Normal water going into the tops of the towers is 
about 0.015 ft heavy water). 

The water from the bottoms of the first stage towers 
is fed to the first stage eleotrolysing cells where, by electrical 
means, it is broken down into hydrogen and oxygen. The hydrogen is 
then passed through coolers where the entrained water vapor is con- 




densed out and the relatively dry hydrogen Is fed back into the 
bottoms of the first stage towers to meet more incoming water and 
give up soma of its heavy hydrogen component* Coming out of the 
tops of the first stage towers the hydrogen is fed back to the 
Consolidated Mining 4 Smelting Company ammonia plant (where it is 
oombined with nitrogen to form aomonia ) .. 

The water which is condensed out of the hydrogen 
eoaing from the first stage electrolysing cells Is fed to the top 
of a second stage tower (constructed similarly to the first stage 
towers) where it meets upf lowing hydrogen produced in a battery 
of second stage cells, and the process, as deeoribed for the 
three first stage towers. Is repeated, with the exception that the 
hydrogen passing out of the top of the seoond stage tower is fed 
to the bottoms of the first stage towers. 

Third and fourth stage towers (constructed similarly 
to the first stage towers) and third and fourth stage batteries of 
electrolysing oslls repeat essentially the second stage process, 
eaoh returning hydrogen from the top of the tower to the bottom 
of the tower of the preoeding stage. 

Vapor condensed from hydrogen produced by the fourth 
stage battery of electrolysing oells contains about 2.3"£ heavy 
water and is used as feed for the secondary plant. All of the hydro- 
gen from which a portion of the heavy hydrogen has been extracted is 
returned to Consolidated Mining it Smelting Company for the manufacture 
of ammonia. 
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(2) Secondary Plant * The secondary plant consists 
essentially of throe stages of batteries of electrolysing cells. 
Water (containing approximately 2.3% heavy water) is drawn from 
the primary plant and fed to the firBt stage cells of the seoondary 
plant where it is broken down electrically into hydrogen and oxygen* 
The hydrogen and oxygen are then burned (reformed into water) and 

* 

fed back to the primary plant. The liquid remaining in the cells 
becomes increasingly concentrated with heavy water, as this compon- 
ent tends to remain in the cells and the light water component tends 
to be broken down into hydrogen and oxygen and to leave the cells. 

Liquid from the first stage cells, after being 
chemically treated, is fed to a battery of second stage cells where 
the process described for the first stage cells is repeated, with 
the exception that the hydrogen and oxygen drawn off from the cells 
are burned and returned to the first stage instead of to the pri- 
mary plant. 

The third stage cells draw liquid from second 
stage cells and perform the same type of process. Liquid drawn 
from the third stage cells is the finally concentrated product, 
approximately 9 . 3 heavy water. 

(3) Catalysts . 

From the early researoh and development work in 
the laboratories it had been indicated that the most promising mater- 
ials to use for catalysts with the catalytic exchange method of produc- 
ing heavy water weret first platinum-charcoal for best results; and 
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seoond, nickel-chromium which appeared to be somewhat less 
effective* 

- 

(a) Flatlnum-oharooal . A oatalyst of 
platinum on oharooal which gave evidence of being suitable for 
commercial production had been developed by research at Prinoeton 
University, under a suboontraot of OSRD Contract; ORMsr-412 end 
Manhattan District Contract Ko. 1/4-7405 eng-60* J. T. Baker & 
Company, Inc., 113 Astor Street, Newark, 13. J., had been associated 
«dth this development program) they had produced in small particle 
form a catalyst of this type which had proved successful in labora- 
tory tests, and this Company appeared to be fully qualified to 
supply the necessary quantity of acceptable material for the F-9 
project at the Trail plant. 

.Accordingly decision was reached at a conference 
on IS October 1942, to procure an initial charge of 1,000 cu. ft* 
of the platinum-charcoal catalyst, designated as "Product 43", from 
J. T. Baker & Company, through Stone Is Webster procurement channels* 
There were present at this conference representatives of the S-l 
Committee of OSJRD, of Columbia University, of J. T. Baker & Company, 
of Stone and Webster, and of the Manhattan District. This decision 
was made despite the fact that there was still some question as to 
whether or not this oatalyst would become poisoned or lose its acti- 
vity in long duration production ser-vice. The initial oharge was 
procured under Purchase Order Mb. 44, dated 3 November 1942, between 
Stone & Webster Engineering Corporation and J. T. Baker & Company. 
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Later, an additional 36,000 lbs* or a second 
complete, or reserve, charge of the platinum-oharooal catalyst 
ins procured under direct oontraot negotiated by the Manhattan, 
Distriot, with J* T. Baker & Company, Contraot No* VS-7407 eng~6„ 
dated 29 March 1943* This second procurement action was taken 

n 

upon the recommendation of the OSBD consultant and after a de- 
tailed investigation by the Manhattan District* The deoision was 
based on the faet that production of the alternate catalyst, 
nickel-chromium, referred to in the following paragraphs, had been 
proceeding slowly and there was some fear that it would not be 
completed in time for the start-up of the Trail plant* 

(b) Hi okel-ohromlua. The development and 

procurement of an alternate catalyst was believed to be essential, 

n 

as catalytic operation at the Trail plant was imperative and it 
was impraotieable to determine fully in advance what the usable 
life of the platinum catalyst would be* For this reason subcon- 
tract No. 562,612 of Contraot OEMsr-412 had been made with the 
Universal Oil Products Company, to develop the Columbia niokel- 
ohromium catalyst* 

As a result of decisions reached at another 
conference on 14 October 1942 (the day following the conference 
previously described) at which representatives of the 3-1 Com- 
mittee of OSRD, of Columbia University, of Harshaw Chemical Co., 
of Universal Oil Produots Company, of Stone & Webster, and of 
the Manhattan Distriot were present, the following actions were 



taken* 

(1) The Universal Oil Products Company, 
510 Michigan Avenue, Chicago, Illinois, was engaged by Stone Is 
Webster Engineering Corporation, under lump sum subeontraot Mo. 21 
(C-818), dated 21 October 1942, previously described, for design, 
engineering and consulting servloes in connection with a reduction 
plant for production of the material at the plant of the Harshaw 
Chemical Company, The Universal Company was seleoted beoause 
they had accumulated considerable experience on the problem as 
consultants to the OSRD In the preliminary stages of this project. 

(2) The Harshaw Chemical Company, 1946 
East 97th Street, Cleveland, Ohio, was engaged under Contract Bo. 
1-7405 eng-16, dated 3 November 1942, and Supplemental agreement 
lo. 1, dated 6 Hay 1943, negotiated directly by the Manhattan 
District, for the production of the catalyst (designated as "Pro- 
duct lo. 80"), according to specifications and directions furnished 
by the District Engineer. The Harshaw Company was selected be- 
cause they were well known specialists in the oommeroial catalyst 
field and possessed facilities for commercial production with the 
exception of the reduction equipment. The contract originally 
provided for production and delivery of 90,000 lbs of the material. 

Through the summer and early fall of 
1943 operating experience at Trail had shown that the platinum 
catalyst was entirely satisfactory and gave no indication of be- 
coming poisoned or losing its effectiveness. For this reason, 
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and because a ssoond charge of the platinum catalyst was already 
available, the decision was made to discontinue further production 
of the nickel* chromium catalyst, only about 1900 lbs, or less than 
1% of the contract amount, having been delivered up to that time. 
Accordingly, on 1 November 1943, the contract with Harshaw Chemical 
Company was terminated and the production equipment was placed in 
standby condition* (The subcontract with Universal Oil Products 
Company had been terminated on 3 August 1943, the work called for 
• thereunder having been substantially completed). \ 

e.. Costs . Because some of the contracts under which 
this plant was designed cover also management, construction, etc*, 
the costs of design and engineering have not been segregated* They 
are included in the other costs set forth in Section 4 hereinafter. 
3-2. Plants in the United States . 

a. Sites (App. D16, D17, U18). . 

■ 

(1) Morgantown Ordnance Works. 

(a) The new P-9 Plant at the Morgantown 
Ordnance Works is located on the reservation previously acquired 
by the Government in Monongalia County, West Virginia, about 2 
miles south of the city of Morgantown, on thejwest bank of the 
Monongahela River, between U. S. Navigation Looks Nos. 10 and 11. 
The P-9 Plant is in the central part of the reservation, to the 
south and east of the main manufacturing installations, covering an 
area of about 2.5 acres, out of the total reservation area of about 
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826 acres. The principal part of the plant ia completely separated 
from the main manufacturing area by its own fence. 

(b) A spur from the Monongahela Railroad 

and two sidings serve the projeotj there are also wharf facilities, 
on the Monongahela River which provides all-seasonal barge trans- 
portation as well as a reliable water supply* A concrete access 

i \ 

road leads from the project to U. S. Highway 19 at Tfeatover, W. Va., 
a suburb of Morgantown, and is connected with Morgantown by a con- 
orete highway known as the River Road. 

(c) The topography of the area as a whole is 
hilly. The soil in general throughout the reservation is loam, 

8 and and clay (with occasional rock outcrops in the eastern sections) 
with shale, coal and rook occurring in insignificant quantities* 
The most important natural resources of the locality are bituminous 
coal and natural gas. 

(d) Adequate housing facilities for employees 
were already available nearby in Morgantown and Weatover* 

(e) The principal advantages of this site werei 
the existing plant facilities of the Morgantown Ordnance Works, 
including some existing steam generating facilities in the Ordnance 
Works power house and other utilities, etc.j the availability of 
various services and their personnel n4iich were already in operation! 
and the availability of land already owned by the Government . These 
factors effected savings in time and in costs which were possible 
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only at this site and at the other two selected Ordnance sites* 

Tfcieting utilities which could be used, at 
least in part, included} water supply, sewer system, electric 
system, heating and steam system, compressed air system, telephone 
system, fire alarm system, roads and walks* 

Services which could be used at least in part, 
inoludedi guards, fire department, personnel office, etc*. 
(2) ftabash River Ordnance Works * 

(a) The new P-9 Plant at the Wabash River 
Ordnance Works is located on the reservation previously acquired 
by the Government in Vermillion and Helt townships, Vermillion 
County, Indiana, adjoining the town of Newport, Indiana, and 
immediately north of the town of Dana, Indiana. She P-9 Plant is 
in the northeast portion of the reservation, and the whole project 
occupies three separate areas, totalling somewhat more than 8 acres, 
out of the total reservation area of about 21,600 acres* (The 
fenoed in plant area of the Wabash River Ordnance Works covers 
about 4,500 acres)* The three areas are designated as the P-9 
manufacturing area, the power area and the water supply area. 

The P-9 manufacturing area is completely separated from the plant 
area of the Ordnance Works by a fence of its own. 

(b) The entire reservation is Government 
owned, but outlying parts of it have been leased to local farmers 
for cultivation. 
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(c) The plant is served by three railroads* 
the Baltimore and Ohio .Railroad and the Chicago and Eastern Illinois 
Railroad have each a spur track entering the reservation} the Chicago, 
Milwaukee, St* Paul and Pacific Railroad has access to the plant 
under agreement with the B*. & 0. R. R. for switching to the letter's 
track at Eest Dana. Access by highway is provided principally 
from Indiana State Highway No* 65 on the eastj also from the south 
over U« S. Highway No* 36, from the north over secondary feeder 
highways and from the west over section roads in Illinois. Indiana 
State Highway Ho* 71, which ran through the reservation, furnishes 
aooess to the west plant gate* 

(d) A portion of the reservation oonneoted 
with the main area by a corridor about 4/lO of a mile wide, ex- 
tends to the Wabash Rivar, and the water supply is obtained from 
wells in this extension, located along the ..abash River* The 

•oil at the site is a fertile loam, overlying clay and gravel, and 

i 

the surface slopes gently to the southwest* The principal natural 
resources of the surrounding area are coal, sand and gravelj coal 
mining and production of sand and gravel are substantial industries* 
A large part of the land near the plant is fertile and under culti- 
vation in farms averaging less than two hundred acres each* 

(e) Ample housing facilities for employees 
were already available in the neighboring communities of Terrs 
Haute, Danville, Rockville, Clinton and Paris* 
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(f) The principal advantages of this site 
were in general the same as those previously described in par, 
a_ (1) (e) above for the site at the Morgantown Ordnance Works. 
(3) Alabama Ordnance Works. 

(a) The new P-9 plant at the Alabama Ord- 
nance lorks is located on the reservation previously aoquired 
by the Government in Talladega County, Alab&raa, at the junction 
of the Talladega Creek and the Coosa River, about 14 miles north 
of Sylaoauga, Alabama, 4 miles north of Childersburg, Alabama, 
and 45 miles southeast of Birmingham, Alabama. The P-9 plant 
site is in the east oentral part of the reservation, covering 

an area, graded approximately level, of about 6 acres, out of 
the total reservation area of about 13,000 acres. The site of 
the manufacturing plant is completely separated from the rest 
of the reservation by its own fence. 

(b) The entire reservation is Government 
owned and was purchased under existing easements. There are 
no licenses or mineral rights. 

(o) There is direct railroad freight ser- 
vice (but no passenger service) to and from the Alabama Ordnanoe 
Works, via spurs of the Atlanta, Birmingham k Coast H. R. and the 
Central of Georgia ft. R. Connecting roads directly into the 
reservation provide adequate accessibility to the highways lead- 
ing to Birmingham, Sjlacauga, Childersburg, and Talladega. 
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(d) The area ia in general gently rolling 
oountry with flat lands adjacent to the river. The soil is 
predominantly a residual clay containing varying amounts of 
sand, gravel and fragments of rock in varying stages of decora- 
position, overlying a formation of Dolomitic limestone. Over 
most of the plant site the upper 15 to 20 feet has a bearing 
value of about 2 ; to S tons per square foot* A bearing value 
of 4,000 pounds per square foot, determined after tests, was 
used in the design of all foundations. The area contains no 
natural resources worthy of mention and manufacturing is the 
principal industry. 

(e) Mousing facilities for employees were 
already available at Government housing projects in the neigh- 

i 

boring communities of Childersburg, Sylaeauga, Talladega and 
Birmingham. 

(f) The principal advantages of this site 
were in general the same aa those previously described in par. 
a_ (1) (e) above for the site at the Mo r gent own Ordnance Works. 

b. Contracts. 

(1) Letter Contract Ho. W-7412 eng-4, with E. I. 
du Pont de Nemours & Company, Inc., dated 16 November 1942, has 
already been described in Section 2. This oontraot provided for 
design and engineering services, as well as construction. 
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(2) This oontract was later merged in and super- 
seded by three separate Manhattan District - du Pont supplements 
to existing Ordnance Department - du Pont cost-plus-a-fixed-fee 
contracts. These supplements were signed by a Contracting Officer 
appointed by the Chief of Engineers and by a Contracting officer 
appointed by the Chief of Ordnanoe, each with respect to his own 

functions, and they were approved by the Chief of Engineers. They 

-Li, 

are designated as follows t 

(a) Morgantown Ordnance Works.. Supplemental 
Agreement No. 7, dated 11 May 1943, effective 16 November 1942, 
to Contract Ho* TC-ORD-490, dated 28 November 1840* 

(b) TSabash River Ordnance Works. Supplemental 
Agreement No. 6, dated 11 May 1943, effective 16 November 1942, to 
Contract No. VJ-0RD-S56, DA-W-QRD-38, dated 12 December 1941.. 

(o) Alabama Ordnanoe Tvorks. Supplemental 
Agreement No. 13, dated 11 May 1943, effective 16 November 1942, 
to Contract No. W-OSD-626, DA-l-OfiB-1, dated 30 June 1941. 

(3) Under one of the Titles of each of these 
Ordnance contracts (Title IX for Morgantown, and Title I for 
Wabash River and Alabama) the du Pont Company, as principal con- 
traotor and architect-engineer, performed all design servioes 
as well as (under these and other Titles) all procurement, con- 
struction and equipment services, 
c. Procedure. 

(1) A modification of the usual War Department 
procedure for design and engineering under cost-plus-a-fixed-fee 
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contracts of the type do scribed above was followed for each of 
the three plants. In general, the du *ont Company performed the 
services under the general supervision of the S4anhattan Diatrict, 
but under the adiaini strati v» oontrol of representatives of the 
Ordnance Department. Efficient eooperation between that Depart- 
ment and the District was maintained throughout the work. 

(2) The electrolytic finishing unit was located 
at Morgan town principally because the Mcrgantown Ordnance Works 
was the only one of the three plants which was under the direct 
operating oontrol of the Ammonia Division of the du Pont Company, 
which had charge of the P-9 work. This was an advantage in si»- 
plifying and facilitating not only the operation of this unit 
but also its design and construction, and was therefore to the 
best interest of the Government. 

($) to oheok design and engineering data, parti* 
oularly the efficiencies of the plates used in the distillation 
towers, a seriee of experiments in the production of heavy water 
were conducted by the du tout Company at their Belle Works. 4 
report on these experiments was made to the Manhattan District 
by letter dated 91 March 1943 (App. D19). 

d. Description of Frocess (App. AS and D20). 
(1) Water Distillation. 

The prooess is carried out in eight stages, each 
of which has its own distillation tower or towers. As the concentra- 
tion of heavy water increases from stage to stage the total volume 
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of materiel processed decreases and in consequence the diameters 
and the numbora of the toilers in general decrease progressively 



from stage to stagej the main exception to this general rule is 



found in the later stages— the fifth, sixth, seventh and eighth— 
for each of which there is one tower, uniformly of the smallest 
diameter in the series* 



first stage calandrias or heat-exchangers is continuously fed to 
the tops of the first stage towers. 



prised of one 15* diameter tower and one 12* diameter tower, ar- 
ranged in parallel in a group, or groups, of five. One, three 
and two of such groups are located at Morganfcown, ftabash River 



within the towers the water cornea in contact with up flowing steam 
or vapor arising from a quantity of water continuously boiling 
in the bottom portions of the toners. Sy this prooesa the down- 
flowing water tends to pick up the heavy water from the up flowing 
steam and the water collected in the bottoms of the towers becomes 
concentrated with the heavy water component. The steam passing 
out of the tops of the first stage towers is oondensed and discarded 
from the process at Wabash River and Alabama Ordnance Works. At 
lorgantown Ordnance Works this condensate is delivered to the oooling 



Normal water in the form of condensate from 



(The first stage consists of units, each oom- 



and Alabama Ordnance Works respectively). 



Passing downward through a series of plates 



tower. 



\ 
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The seoond atage tower* operate in essentially 
the same Banner as the first stage exoept that water partially con* 
centra ted with heavy water from the bottoms of the first stage towers 
la fed to the tops of the seoond stage towers and steam disearded 
from the top* of the seoond stage towers is condensed and fed to 
the bottoms of the first stage. 

The third and euooeeding stages operate in the 
saste manner as the second stage, each stage receiving water from 
and returning steam to the preceding stage* the water eolleeted in 
the bottoms of the eighth stage towers Is drawn off as feed for the 
secondary electrolytic finishing plant* (The oonoentratlon of thie 
semi-ficlshed product from the eighth stage towers was subject to 
considerable variation during the first ten months of operation. 
During the lest elx months of ope rati or, the average concentration, 
from the three distillation plants, was uniformly 8&JS to 9Qfc, } 
(8) Slootrolytlc Finishing (at Korgantown Ordnance 

■ 

Berks only). 

Feed water, oonsistlng of about 9G> heavy water, from 
the eighth stage of each of the three water distillation plants, is fed 
In batches to electrolysing cells in the eleotrolytie finishing 
unit at Morgan town Ordnanoe Works, where it Is broken down by elec- 
trical meane into hydrogen and oxygen. In this process the heavy 
water In the semi-finished feed water tends to remain in the oells 
while the light water ie driven off as hydrogen and oxygen. The 
prooesa in the electrolysing oells ie repeated through several 
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stages until the liquid remaining in the cells is concentrated 
to the specified degree, 99.7$ or more heavy water. (See 
Section 2). 

e. Costa. 

Because the contracts under -which these water dis- 
tillation plants were designed cover also the construction, pro- 
curement and equipment, the oosts of design and engineering have 
not been segregated. They are included in the other costs set 
forth in Section 4 hereinafter. 



) 



i 
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SECTION 4 - CONSTRUCTION 



4-1. Plant at Trail, B. C. (App. D13), 
a* Contracts, Orders and Leases. 

(1) Prime Construction Contraot. 

The War Department's Letter Contraot Bo. 
W-7405 eng-10, dated 51 July 1942, with Consolidated Mining & 
Smelting Company, Trail, B. C, superseded by a correspondingly 
numbered cost-plus-a-fixed-fee contract dated 31 July 1942, ap- 
proved by the Under-Secretary of War, was the principal contract 
covering the construction of the plant for production of heavy 
water at Trail* This contraot was in addition to OSRD Contract 
OEHsr-797, previously described. 

(2) Arohiteot-Englneer-Manager Contract . 

The contract with Stone and Webster Corpor- 

i 

atiom, for service! including overall supervision of the work, 
has been described hereinbefore, in Section 3. 

(3) Supply Contracts . 

The War Department negotiated two supply 
contracts for catalysts as described in Section 5. 

(a) No. W-7405 eng-16, dated 3 November 
1942, and Supplemental Agreement No. 1, dated 6 May 1943, with 
the Harshaw Chemioal Company, Cleveland, Ohioj and 

(b) No. W-7407 eng-6, dated 29 March 1943, 
with Baker and Company, Inc., Newark, N.J. 



(4) Pur phase Ordera . 

The following important purchase ordera were 

issued t 

(a) Ho. 1, dated 9 October 1942, and Changes 
thereto, to S. D. Hicks Engineering Company, Inc., 1671 Hyde Fark 
Avenue, Boston, Massachusetts, covering fabrication of five speoial 
fractionating towers* 

(b) So. 42, dated 6 October 1942, and Changes 
thereto, to Artisan Metal Products, Inc., West Street and Sulliian 
Square, Charles town, Massachusetts, covering fabrication of two 
speoial eopper fractionating towers. 

(e) Ko. 44, dated S November 1942, and Changes 
thereto, to Baker and Company, Inc., 118 Astor Street, Newark, I. J., 
covering manufacture of additional oatalyst. 

(S) Lease Arrangements. 

The lease arrangements for the C K & S-owned 
facilities and for the land ooeupied by the 0 # s# Government-owned 
facilities are described in Section 3.. 

b. Description. (For Drawings, See App. D2l). 
(1) Site Plan . 

The general arrangement of the plant and its 
relation to the existing plant of the CM&S Company are shown in 
Appendix Al. 
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(2) Buildings .. 

The new plant construction included the new 
buildings and extensions to existing buildings listed below, as 
indicated on the site plan and in the photographs in Appendix 31. 

(a) Booster Building. 

38* x 68' x 2D' high? with n L" 10» x 36' 
29' high; concrete footings and floor, wood frame, 8" brick walls 
tile interior partitions, laminated roofers and built-up roofing. 
This building contains booster hydrogen blowers. 

(b) Primary Evaporator Building* 

26* x 62* x 26* high) concrete footings 
and floor, wood frame, corrugated transite siding and roofing. 
This building contains eater evaporating equipment* 

(c) Primary Tower Structure. 

28 1 x 66* x 124» highj reinforced con- 
orete mat foundations, reinforced concrete frame construction. 
(Transite panelling was added later)*, This structure contains 



the following towers i 

Number Diam. Approx. Ht. 

1st Stage 3 8«-6 B 

2nd Stage 1 5* 108* 

3rd Stage 1 2'-6" 9ff» 

4th Stage 1 l»-6" 97» 

Oxygen 1 6» 37» 



(ti) Secondary Concentration Flant . 

3S;' x 131' x 22* high, with 9' x 11' x 22* 
high additions} similar in construction to the Booster Building. 
This building contains water electrolysing cells and auxiliary 

■ 

equipment* 

(e) Cooling Tower* 

25 » x QV x SS« high, concrete footings, 
wood construction. Capacity is 2400 g.p.m. (2000 imparial) water 
from 1©5° P to 76° F at outdoor wet bulb temparature of 65° F. 

(f ) Pumg House. 

17» x 31 » 14* highj similar in con- 
struction to the Primary Evaporator Building. This building 
contains two 2400 g.p.m. (2000 Imperial) pumps for cooling tower. 

(g) Assay Laboratory. 

2&» x 34' x 12 • high j one story addition 
to existing buildingf concrete footings and floor, wood frame, 

i 

brick veneer exterior walls j built-up roofing, plaster-board 
interior partitions and ceiling. This building contains research 
and process control laboratory equipment. 

(h) Oxygen Scrubber Tower . 

Outdoor steel tower, oooupying about 15 ' 
x 16' of ground, about 40' high. 
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(i) Catalyst Shed . 

32' x 35' x 20' high j similar in construction 
to Primary Evaporator Building. This building is used for catalyst 
screening and storage. 

( j) Steam Boiler Plant. 

42 » x 64' x 47» highj addition to existing 
Canadian Government steam plant, conforming thereto in architectural 
treatment} concrete foundation, oonorete and wood-grating floors, 
structural steel frame, transite siding, laiminated roofers, built-up 
roofing. The boiler capacity is 60,000 lbs per hour at 190 lbs. 
per sq. in. pressure and 500° F, oonneoted with existing mains* 

(k) General . 

In accordance with agreement between the 
CM&S Company and the U. S. Government, it was necessary that all 
the principal structures oonform in general architectural treatment 
to the existing buildings in the Garfield Area. This provision 
applied particularly to the Booster Building, the Secondary Concen- 
tration Plant and the Assay Laboratory, whioh were accordingly 
constructed of more permanent materials, whereas the other buildings 
are for the most part of temporary construction as desoribed above. 
(3) Utilities . 

(a) The existing water supply and sewer systems 
were used, with extensions and connections to the new plant. 
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(b) The existing eleotrio power supply was likewise 
used, with the addition of a 1000 Kw. steam turbo-generator 
installed in the CM&S slag retreatment plant at Tadanaoj this 
makes available an equivalent power capacity from existing souroes 
for use in the heavy water plant, 
(4) Fenoa. 

An 8' wood picket -type fenoe was installed sur- 
rounding the principal U. S. Government facilities and the CM&S 
owned primary plant, in one inoloaure. 
e. Progress. 

(1) Construction of the plant started 1 September 
1942. Good progress was maintained, uniformly ahead of or on 
schedule. The Seoondary Concentration Cell Plant was transferred 
to the operators 1 Kay 1945, the first stage towers of the Primary 
Concentration Plant were transferred to operation 16 June 1943, 
and the entire plant was completed 30 June 1943. 
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(2) lha following graph ihowi the prograaa at a glanoat 
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d. Costs. 

The following li « ■uaua&ry of the total doit, from 
War Department funds, of research and development, design and 
construction, at of SI December 1946 (OSRD Expenditures, from War 
Departamnt funds only, aro included )i 



OSRD Expenditures from War Department funds $ 204,198 
Sow Buildings and Structures, and Extensions, 

including thoir Equipment 1,677,638 
Alteration and Bearrangonent of Existing 

Buildings and Equipment 218,785 

Power and frooess Lines 88,484 

Purchase of Catalysts 468,787 

Undistributed (Stone a Webster ft C U It S Co.) 8.818 

TOTAL COST | 2,604, " 



These costs aro also olassified as follows* 

OSkv Expenditures fron Sar Department funds 8 204,196 

Design and Construction Costs* 

Stone 4 tfsbstsr Engineering Corp. 

Reimbursement* 8 916,482 

Estimated Fixed Pee 6.817 

1922,270 



C.U*& S. Co* 

Reimbursements 
Fixed Fee 



Items Furnished by Government* 

Additional Furehase of Spare Catalysts 

TOTAL COST 



* Includes Government overhead 



#1,076,088 
1 

11,076,089 

124,878 #2,128,182 

277.242 
*2,604,'«22 




4-2* Plant at Morgantown Ordnenoe Storks, (App. D16) . 
a. Contracts. 

(1) Prime Contra ot. 

The Ordnance Department's Supplemental Agreement 
Bo. 7 to cost-plus-a-fixed-fee Contract So* V.-0RD-490, with E. I. du 
Pont de Nemours tt Company, Inc.* Wilmington, Delaware, previously 
referred to in Seetion S, covered the construction of the plant for 
production of heavy water at the Morgantown Ordnance TSorks, Morgan- 
town, Ti/est Virginia*. 

(2) Suboontracts . 

All portions of the work which eould be nost 
advantageously perforated by others were subcontracted. 

b. Description . (For Drawings, see App. D22). 

(1) Bite Plan. 

The general arrangement of the plant and its 
relation to the existing plant of the Iforgantown Ordnance Works 
are shown la Appendix AS. 

(2) Buildings . 

the new plant construction included the buildings 
and structures listed below, as indicated on the site plan and in 
the photographs in Appendix B2. 

(a) Process Pump and Control Building (Bldg. #178 ) 
96' x 22' x 16* to eaves; oonorete foundation 
and floor, wood frame, corrugated asbestos nails and roof. This 
building includes the following t 
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Appro*. 


Stage 


number 


Diameter 


Height 


1st 


5 


15* 


100 » 




6 


12' 


106' 


2nd 


1 


io'-e B 


84« 




1 


8« 


93' 


3rd 


1 


S»-4 M 


77. 


4th 


1 


18" 


77» 


5th thru 








8th 


4 


10" 


77» 



(1) DiBtillatioD Towers 1 

Description 



80 Plate Steel Tunnel Cap 

90 Plate Stoel Bubble Cup 

72 Plate " 

83 Plate " 

72 Plate " 

Paoked Steel Col. 72 » high 



(2) Other Equipment ! oalandrims, evaporators, 
condensers, puape, coolers, tanks, separators, air compressor, ammonia 
compressor a. 

(b) Finishing (Electrolytic) Building (Bldg. #179) 

94* x 26' overall with are* 66» x 26' x one 

atory, 22' to eaves j one bay 14* x 26' x 3 stories, 47* to eaves % 

and one bay 14* x 26' x 2 stories, 80* to eaves 1 concrete foundational 

oonorete and wood floors; wood frame} corrugated asbestoB siding 1 

built up roofing on wood deck over one story portion and corrugated 

asbestos roofing over remainder j 12" brick firewall. This building 

contains! 64 - 1000 Amp. Electrolytic Cells, tanks, pumps, burners, 

condenser, rectifier and associated awitchgear, 

(e) Change House, Office and Laboratory Building 
(Bldg. #4iS). 

"L" shape, with wings 106 » x 37» x 14* to 
eaves and 62' x 37' x 14' to eaves % concrete foundation, wood and 
composition floors, wood frame, wood siding,, built-up roof j ex- 
cept laboratory room, 34' x 37', which haB concrete floor and mas- 
onry walls. This building contains temperature and humidity 
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control apparatus (in the laboratory)} also, a fire resistant 
vault, laboratory equipment, office equipment, showers, etc. 

(d) Product Storage Building (Bldg. #180) . 

19' x 41' x 11' high} concrete foundations 
and floors, cinder block walls, concrete and built-up roof. 

(e) Cooling Tower (Bldg. #202) .. 

16 cell induced draft type, redwood 
construction; 289* x 29* x SO' high} pump piti 148' x SO', 7 pumps i 
oapaoity is 28,000 g.p.m. water from 100° F. to 86° F. 

(f ) Low Pressure Boiler House (Bldg. #241). 
62' x 46* x 38* high} concrete foundation, 

concrete and steel-grating floors and platforms, structural steel 
frame, corrugated asbestos siding and roof. This building contains! 
integral-furnace, gas-fired boilers and accessories, capacity 
160,000f steam per hour at ISO p.s.i. pressure] forced draft fans j 
flash tank j treating and storage tank} steam driven air oompressorj 
•team turbines. 

(S) Additional Facilities . 

(a) The following additional equipment was 
Installed in existing buildings t 

(1) In the existing Power House (Bldg. 
#201) t coal pulverisers and coal valves, on existing boilers. 

(2) In the existing Filter Plant (Bldg. 
#230) i a 21' x 56' x 16* deep subsidence basin with steel frame 
housing addition, well, filter unit and softener, with all acces- 
sories and piping. 
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(b) Additional steam is supplied to the heavy 
water plant from the existing mein plant boiler house, through 
reduction equipment. An average of from 45,000 to 60,000 pounds 
of « team has been purchased monthly from the main plant system. 
(4) Utilities. 

(a) The existing water supply system has 
been used, with new oonneetions, and with the additions to the 
existing water filter plant to aooommodate the heavy water plant 
requirements, ao deaoribed above. 

(b) The existing sewer system and eleotrio 
power supply have been used, with connections to the new plant. 

(c) All the buildings are heated by steam 
from the new boiler house. 

o. Progress . 

(1) Construction of the plant started 7 January 

■ 

1943, substantially all scheduled work was completed in advance 
of the originally estimated completion date, 1 September 1943, 
and the project (exoept for changes during operation) was fully 
eoapleted on 31 December 1943. 

(2) Units of the plant were placed in initial 
operation as soon as installations were completed, on the following 
dates i 
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Prooess Equipment - Stage 2 


29 May 1948 


Prooeas Equipment - Misoellaneous 


4 June 


Filtered later Plant 


9 June 


Utilities end Accessory Construction 


9 June 


Power Plant 


29 June 


Prooess Equipment - Stage 1 


29 June 


Prooess Equipment - Stages 8*8 


21 July 


Buildings 


26 August 



(8) The following graph ehewe the progress of the 



entire job, at a glanoet 



% Complete 




d. Coata. 

The following la a summary of the total ooat, as 

Of 01 Deoenber IMS. 

Major Prooeaa Equipment and Bldgf . | 1,0}J3,086 

Power Plant 886,416 

Other Sulldlnga (and thslr Equipment) 367,281 

Utilities and Aooeaaory Construction 255.670 

IET COSSTfiUCTIOK COST # f,47&,20&~ 

Of foot Aoeaunta (Debits minus Credits ) 14.664 

AMOUKT CBABGEABLP TO IIAMIaTTAK DISTRICT FUKDS f 8,490,069 

These oosts are also alassified as follows* 
Payments to Contractor i 

Contractor's Ke lmburaenente #2,724,058 
Contractor's Procurements 476,744 

Contractor 'a Fixed Fee 88.688 Total 15,288,600 

Items Furnished by Government* 272,622 
Transfers ef Surplus Material and 

Equipment from Cons trust ion. Credit ^68.607 

SET COBSTHUCTIOK COST 13,476,206 

Offset Aooounta (Debits minus oredita) 14.684 

AMMJlsT CBAHGEABL* TO MAHKATTAJi DISTRICT FUSDS $8,480, 06^ 

• Xxxoludea Qovernment overhead. 

•* Costs incurred under OSRD Contrasts are not included . 

Under the original oontraot the prime contractor *e 
fixed fee amounted to 6164,662, but this was voluntarily redueed 
to 688,688 when the Contractor found that the tost of oonatruotlon 
was appreciably less than that originally estimated, as noted below, 
and the oontraot was modified accordingly by supplemental agreement 
dated 82 June 1944. 

The estimated oost of eonstruotion, as stated is the 
oontraot, was $6,084,000, and this did not include the flxsd fee 
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nor the costs of additions to the contract. The actual coats 
therefore were materially less thar those originally anticipated. 
4-3 . Plant at Wabash RWor Qrdnancs ?forks. (App. L17) . 

a. Contracts . 

(1) Prima Contract. 

The Ordnance Department's Supplemental Agreement 
Ho. 6 to cost-plus-a-fixed-fee Contract Ho, TS-QRD-566, DA-W-OHD-38, 
with E. I. du Pont de Nemours & Company, Inc., Wilmington, Delaware, 
covered the construction of the plant for production of heavy water 
at the Wabash River Ordnance *s*orks, Monte zume (or Bewport), Indiana. 

(2) Subcontracts. 

All portions of the work which could be most 
advantageously perforaed by others were subcontracted. 

b. Description* (For Drawings, see App. D23). 

(1) Site Plan . 

The general arrangement of the plant and its 
relation to the existing plant of the TScbaah Elver Ordnanoe Works 
are shown in Appendix A3. 

(2) Buildings. 

The new plant construction included the buildings 
and structures listed below, as indicated on the site plan and in 
the photographs in Appendix S3. 

(a) Prooess Pmip and Control Building (Bldg. #3178 ) 
291* x 22* x 26' to eaves j concrete foundations 
and floor, wood frame, oorrugated asbestos walls and roof j concrete 
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floor, wood fra;se, asbestos covered sheet iron siding nnd roof. 
This building includes the following: 

(1) Pis ti llati on Towers . 
Approx, 

Description 



Stage 


Number 


Diameter 


Height 


1st 


15 


16* 


100* 




16 


12' 


106' 


2nd 


5 


10' -6" 


84* 




3 


8' 


93 • 


3rd 


1 


6*-6" 


77* 


4th 


1 


2*- 6" 


77 1 


5th thru 


4 


18* 


77* 



80 Plate Steel funnel Cap 

.90 Plate Steel Bubble Cap 
72 Plate M 
■33 Plate " 
78 Plate M 
72 Plate " 
Peeked Steel Col* 72* high 



8th 

(2) Other Equipment i Oalandrias, evaporators, 
condensers, puaps, coolers, tanks, receiver, separators, air compressor, 
ammonia compressors* 

(b) Change g» Office and laboratory Buildin g 
jflldg. #5418 J . 

shape, frith wings 106* x 37* x 14 » to 

eaves and 62* x 37* x 14* to eaves j concrete foundation, wood and 

composition floors, wood frame, wood siding, composition roof| 

except laboratory room, 54' x 57', which has concrete floor and 

masonry walls* Ihis building contains temperature and humidity con- 

trol apparatus (In the laboratory) j also, a fire resistant vault, 

laboratory equipment, of floe equipment, showers, etc.. 

(c) Product Storage Building (Bldg. #5180). 
19' x 41* x 11* high; concrete foundations 

and floors, brick walls, ooncrete and built-up roof. 




(d) Heavy Water Plant Area Gate and Guard 
House (Bldg. #3181)1 

12 » x 32 » x ll-£' high; wood foundation, 
floors and siding; composition roofing. 

(e) Warehouse or Shop (feldg. $5722) . 
Approx. 25' x 30' x lljM high; concrete 

and wood floors, wood frame, composition siding and roofing. 

(f) Power House Addition (Bldg. #401). 

117' x S4 1 x 86* high, extension to exist- 
ing boiler room; also, 46 T x 49' x 27' high extension to existing 
softener and filter room; concrete foundations, structural steel . 
frame, trans it e siding and roof* The foundations were adapted 
from work previously installed in connection with another project 
which was abandoned. This building contains i Boilers, 570,00O# 
capacity, 600 p.s.l. pressure, with auxiliaries; motors, fans, 
turbines, de-aerating heater, coal scales, pumps, water softeners. 

(g) Wells and Pumps (Bldg. #404) . 

The equipment Installed in the water supply 
area includes three Ranney water collectors, deepwell turbine pumps, 
air compressor and air receiver tanks. Part of the caisson work on 
the wells was adapted from work previously installed in connection 
with another project which was abandoned. 

(h) Pump House (Reservoir) Addition (Bldg. #412). 
18' x 72'; this addition contains centri- 
fugal pumps and motors. 
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(8) Utilities * 

(a) the existing water supply eye tan has been 
need, with connections end the Additional wells and equipment des- 
eribed above, to aooomuodate the heavy water plant requirement •. 

(b) The existing sever system and eleetrie 
power supply hare been need, with eonneetlons to the new plant* 

(e) The buildings are heated by steam from the 
power bouse addition*. 

(d) About 1/2 mile of railroad track and an 
aooess road to the presses area were installed* 

(1) Construction of the plant started 23 January 
1948 1 It was substantially 0 capiat ed on 22 October 1948 and fully 
completed on 18 December 1948* 

(2) Various plant units were transferred to the 
Operating Department as they were ready for usej initial operation 
of the P-9 manufacturing units took plaoo on 17 June and all stages 
of the plant were ready for full operation 18 September 1948* 

(8) The following graph shows the progress of the 
entire job, at a glance 1 
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% Complete 
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d. Costs . 

The following la a eumnary of the total cost, as of 81 

Deoenber 18*6. 

Stajor Process Equipment and Bldgs. #8,818,828 

Fewer Flanta 1,010,560 

Other Buildings (and their Equipment) 270, &6b 

utilities and Accessory Construction 1.6B5. 776 

SET COHSTfiCCTIOK COST 87,686,888 

Of fast accounts (Credits sdnut Debits) CB - 182,762 

AMOUHT CliafiflEABLE TO BA8HATTAI! DISTRICT FUBDS 17,483,167 

Theae eoats are classified as follows i 

Payments to Cent rae ton 

Contractor *a Reimburseaents #6,816,783 
Contraotor's JTixed fee 188.478 

16,869.106 

Items furnished by Oovernoent* 1,156,412 
Transfers of Surplus Material and 

Equipment fron Conotruotlon, Creoit - 888.688 

BET CONSTRUCTION COST ** 87, 886, 828 

Offset Accounts (Credits minus Debits) CK - 882.762 

AMOUHT CHARGEABLE TO BAHI1ATTAK DISTRICT FJJIDS 87,483,167 

• Inoludes Government overhead. 

•* Costs inourred under OSHD Contracts are not Included. 
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Under the original contract the prime contractor's 
fixed fee an ousted to $272,776, but this v»» voluntarily reduced tn 
#152,472 when the contractor found that the oost of construction 
mas appreciably less than that originally estimated, ea noted below, 
end the eontraot was modified accordingly by supplemental agreement 
dated 22 June 1944.. 

the estimated eost of construction, as stated In 
the contract, was $1S,666,000, and this did not Include the fixed 
fee* nor the eosts of additions to the eontraot. She aetual costs 
therefore were materially lees than those originally anticipated. 
4-4 » Plant at Alabama Ordnanee Works . (JLpp. £18} * 

a. Contracts . 

(1) Prime Co street * 

The Ordnanee Department Supplemental Agreement 
Be. IS to eest-plus-a-fixed-fee Contract Ho. W-OED-6Z6, fiA»W-Ofi»-l, 
with I. I, du Pont de lamours & Co., Wilmington, Delaware, covered 
the construction of the plant for production ef heavy eater at the 
Alabama Ordnance Works, Sylaeauga (or Childersburg), Alabama* 

(2) Subcontracts . 

All portions of the work vhioh could be most 
advantageously performed by ethers more euboontraeted. 

b. Description. (For Drawings, See App. 024) » 

(1) Site Plan. 

The general arrangement ef the plant and its 
relation to the existing plant ef the Alabama Ordnance Iforke are 
shown in Appendix A4. 
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(2) Btrtldla&tt. 

Tig tie* jjylastl oo^sirusiion included -foe buildings 
•nd otructurcc lilted below, &6 itiuifcaitrtl on the eite plan and in 
the photographs In Appendix 

(fi) Process Fuap and Coutrol Buildings (Blag- #2178), 
185' x 22* z 16 1 to *>*¥•« 2 concrete foundation 
and floor, wood frame, corrugated aebestoe welle and roof. This build- 
ing contains the following i 

(1) Diet illation towers. 



Stage lumber 


Diameter 


Approx. 
Height 


Description 




let 


10 


18* 


100' 


80 Plete Steel funnel 


Cap 




10 


12* 


108* 


W> Plate Steel Bubble 


Oap 


2nd 


2 


10*-6" 


84* 


72 Plate ■ 




2 


6< 


93 < 


S3 Plate * 




8rd 


1 


4»-6" 


tt« 


72 Plate ■ 




4th 


X 


2* 


77* 


72 Plate " 




6th thru 8th 


4 


16* 


T7» 


Pectefl Steel Cel.! 72* 


high 



(2) Other Equipment » Calandrias, evapor- 
ators, oondenieri, pumps, coolers, tanks, aismonla receiver, air 
pressor, separators. 

(b) Ohange House, Of flee and Laboratory 
euilliag (lite ililS).. *" 



"I." chape, with wingc 106* x 57' x 14 • to 
eaves and 62* x 87* x 14' to eaveej eonorcte foundations, wood and 
composition floors, wood frame, wood siding, composition roof, ex- 
cept laboratory room, 84' x 87', whioh has eonorcte floor and masonry 
walls. This building eonteins temperature and humidity oontrel 




apparatus (in the lefcoratory)j also, a fire resistant vault, labora- 
tory equipment, office equipment, sharers, etc. 

(c) rroduot gtgr&gg Building (Sldg. #2180) .. 
10' x 41' z 11' high j oonoreto foundations 

and floors, briok walls, conoreta and built-up roof, 

(d) Heavy Tteter Plant Area Cute and Guard 

CgS gngz: jgrgn : ; 

Approx. 20* x 10* x 10* high] wood foundation, 
floor and frame j corrugated metal vails and roof* 

(•) smrshouas or Shop (Bldg. #2722 ). 

Approx. 40* x 65* x 12* highf wood foun- 
dations, floor and frame, corrugated Metal mil* and roof*. 
(8) Additional raellitjee. 

The following additional equip sent mas installed 
in existing buildings t 

(a) In the existing Power House (Bldg. #401B)i 
steam regulating system and oontrol, de-super beater pumpi and controls, 
de-aerator, water softener, boiler feed pump. 

(b) Zn the Pump House (Bldg. #2220) j additional 

pumps • 

(4) Utilities . 

(a) The exist l»p water supply system, eleotrie 
pfwrer supply aw3 steam supply b»vr beer used, with connections to 
the new plant. 

(b) A aeptlo tank w» installed for the sewer 

system*. 
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c. Progress. 

(1) Construction of the plant started on 11 February 
1943 and was completed on 15 November 1945. (This is exolusive of 
De-Superheater Station revisions, which are not considered a part 

of the original construction). 

(2) Various plant units were transferred to the 
Operating Department as they were ready for use; initial operation 
of the first processing unit took place on 29 May 1943 and the last 
unit was started on 4 September 1943. 

(3) The following graph shows the progress of the 
entire Job, at a glance t 

% Complete 




JaTI m Mar Apr toy Jun Jul Au E Sep" BSI EoT" 

1943 
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d. Costs, 

The following le a suimaary of the total aost, as 

of SI Deeaaber 2.946. 

tejor Froooss Equipment and Bldgs. #2,882,095 

Fower Flant (Equipment) 1*6,409 

Other Bui Id Inge (and their Equipment) ££0,771 

Utilities and Aoeessory CecetruetioD &b& M 652 

Bit C0SST*tUCTIQ» COST #5,518,827 

Offset Aooounts (Debits Minus Credits) 146,244 

AKOUKP CHABOSABLr. TO DISTRICT FUKBS |S, 466,171 

These costs are also classified as follows i 

huywmnta to Contractor 

Contractor's re ioburs events #2,877,156 
Contractor's Froou recants 887,861 
Contractors fixed Fee 70,868 

#3,868,18® 

I tear Furnished by Governsent* 883,667 
Transfers of Surplus Material and 

Equipment from Construction, Credit - 216.826 

1ST COBRTRXJCTIOR COST** #3,818,827 

Offset Accounts (Deb! ts Minus Credits) 146,844 

AK0U8T CHAROLABLE TC MA8HATTAE DISTRICT FUNDS #8,466,171 

• Includes Boveranent overhead 

*• Coats inourred under 0881" Contraote are not included. 

Under the original contract the prints contractor's 
fixed fee anounted to #184,680, hut this was voluntarily reduced to 
#70,868 when the Contractor found that the cost of construction was 
appreciably less thai; that originally estiva tad, as noted below, 
and the oontraot was nodi f led accordingly by supplemental agreoasnt 
dated 22 June 1844. 

The estimated coet of eonstruotion, as stated in the 
contract, was #8,286,000, and this did not include the fixed fee 
nor the costs of additions to the o on tract. The aotual costs there- 
fore were materially less than those originally antloipated. 
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4-6. Sgcfcpitulatloy of Coats. 

a. the tote.1 costs ef the four plants for the pro- 
duotioi ef h«avy cater {as of 31 Leeeraber 1946) aay be listed 
as follows i 

(1) frail ilent (including Qm? Expenditttrss $2, €04, 62 £ 
free Bar Dope r taunt funds). 

(2) JFl&nts in the United States s 

<e) fcorgantowii Ord. Kka. # 8,476,2Gfc 

(b) Wabash iiw Ord. «ka. 7,986,S2& 

(o) Uabesa Ord. Idea. 8,818,927 

(d) 0S&£ Expenditures frofc 62,160 
war Bepartaent funds 
(Sot distributed) 

1 14,745.111 

TOTAL $17,347,88$ 
b. The ectiaates of eost as stated in ths Contracts indi- 
cated that ths eeabined eost of the three plants is the United States 
Bight be £27,984,000 (app. B£§,£26). the reduction in eost to 
$14,681,061 (excluding OSIS Sxpoaditures Iron Sir Departaamt funds) 
therefore represents an apparent saving of nearly 6Q?». f be extreae 
conservatism ef the original estimates, doubtless dictated by the 
novelty of the proposed plants, ansa priaarily responsible for this 
large reduction. 

The following faotors which could not be fully 
anticipated beforehand alee contributed aaterially to the lower costs* 



(1) Vie similarity of the three plants involved 
numerooi repetitions of identical and similar itamc and msbc pro- 
duction of materisls and production line methods of Installation 
therefore ptmittad largo savings in aosts of Materials and con- 
struotion labor* 

(£) Construction organ i fattens, with building 
equipment and tools vara already present at the sites seleoted, 
beoausa of the Ordnance projects at these sites j this permitted 
reductions to be sade in the anticipated eosts of both the super* 
vision and the construction. (App« D27)« 
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SECTION £ - OFKKATIOK 
6-1. giant at Trail. B. C . 
a. Contracts. 

(1) Operation of the heavy water plant at trail. £. C., 
was covered by Contract So, £-7406-eng-ll, dated 81 July 1942, with the 
Consolidated Sluing & £ malting Co&pany, as operator (as veil as con- 
struction contractor, see Section 4), approved by the Under Secretary of 
Her. 

Important provisions of this basie contract weret 

(a) Consolidated Mining and final ting Coapany*e ob- 
ligation to produoe heavy eater wae subject to eoneurrent operation of 
their electrolytic aanonla producing plant} it «u aleo dependent upon 
power and their aoraal product diepoaal conditions, tinder the latter 
oondition* the £• S, had the right to require CIS&S to operate their 
aaaaonia plant (eo that the heavy eater plant oould be operated) 
eub;Jeet to reaeonahle agreed ooatpens&tlou • 

(b) The Consolidated Sluing and fiaeltiag Company was 
obligated to operate the heavy eater plant on a no profit, no lose, basic 
and receive other considerations as described in the arrangements out- 
lined below. 

(e) Ferlods of operation were arranged as follows i 
(1 ) farlod One - CUk5 was to operate the heavy 
water plant to date of oeseatior. of hostilities between the U. S. and 
the Axis Ferae re, or until 1 January 1946, whiohever was later. The C. S. 
had the right tc the entire output of the i-8 plant during this period. 
CK&S bad the right to the portion not required by the I. S. f at a pro* 
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portion&te cost. 

(£) Standby Period * - Ijaaadietel^ follow- 
ing the first period of operation CWcB wee to n&ictair. the plant in 
•tandby condition for two years and hsd the right to operate the plant 
and take the entire output less such reasonable quantities as the U. S. 

Slight require for incidental purposes. 

(8) Seoond Period of Ope ration . - During the 

standby period the C. 8. eould inform CSSfcS by 90 days notiee that the 

U. S. would require the output of heavy water for a period beginning 

at any tint before expiration of SO days iaoediately following the 

standby period and ending at any ties before the last day of a period 

of three years next following the standby period. Curing this period 

CKfcS eight take of the heavy water output and snob other quantities 

as were not required by the Government. In the event that the C« S. 

heeos&s Involved in hostilities with a country other than a camber of 

the British tapirs, during the standby period or seoond period of 

operation, and required heavy water for war purposes, the 0. S. had 

the right of priority to purchase that part of the heavy water output 

to whleh Cl&S was entitled daring the seoond period of operation. 

(4) Lease feriod . - For a period of 11 years 

after termination of the stand by period or the eeoond period of operation, 

Clt&S slight take possession of the heavy water plant on lease, at an annual 

rental of 1$ of the prooeedt of the sale of heavy eater for each year. 

During this lease period CS&S had the exclusive right to purchase the 

plant at the then estiasted cost of replaoasent, lest depreciation f ras 

the Installation date to the date of eosassnoeaent of the lease period, 

*.2 
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or (at CM&8 election} for en aisount equivalent to ths highest bona 
fide eld to the E. Q, for sals and removal of the plant. CS&S might 
terminate the lease by 90 days notion. If, during the leeno period, 
the C. S. becomes involved in hostilities with a country other than 
a member of the British Empire, the V, £. had priority to purchase the 
entire plant output at maximum o&paoltyi at all other times during the 

■ 

lease period the XI, S, had priority to purchase up to 60^ of the out- 
put currently available, 

(b) Eight of Furoheso . - If mm did mot 
purohase the plant, and the lease period expired or mas terminated, the 
13 . S. should mi this six months thereafter, dismantle and remove the 
plant and restore the CliiaeS premises to the condition existing before the 
plant mas installed. 

(6) Operation of the addition to the Canadian 
Government a team plant mas covered by Contract So. 8-741 8«eng-7Q, dated 
9 December 1943, to take affect as of 12 January 1943, with modification 
dated 22 Kareh 1944, between the Canadian Government and the t>. S. Gov- 
ernment, with CK&S Company as intervenant. 

As pointed out above, the original C S ft S Gontraet (cost 
reimbursement} provided for the Contractor's privilege to use all 
production during the standby period (less such reasonable quantities 
as the United States might require for incidental purposes) and 60£ of 
the production in the second period of operation. Since the Government 
desired to retain control of all material during these periods, it mao 
neoessary to devise a modification. Modification So, 1, to the contract, 
effective 1 September 1946 in which the Contractor agreed to turn over 
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ooxaplete production to the Government on a unit price basis. 
This unit price was established suoh that the Government paid 
the Contractor's price of 178.72 par pound for the entire 
production in the 90-day standby period following 1 September, 
1846t and g©3.44 per pound for entire production during the 
second period of operation • the price for the second period 
of operation was arrived at by averaging §0j? of production at 
the Contractor's price j vis., $78.72, and 60/ at cost-plus- 
overhead; viz approxiaetely #£@ per pound* By 81 December, 
1946 a second supplement, Xadifieaticc So, t m was being; pre- 
pared ir. order to nave the Contractor provide certain addi- 
tional services ether than the production of These 
services were to be provided at cost and were to include 
processing of certain O^B-enriched stocks to produce 
enriehed water, reoonecBt rating certain diluted stooke 
to product sped fi cations, etc. 

b. Blstory of Operation, (app. D28, VZB, mO 0 B51, D52) 
(1) Start-up - The Secondary Concentration Cell plant 
was transferred to the operators en 1 Hay 1943. The first stage 
towers of the Prinary Concentration plant were started on 16 June 
1943. By July 1943 all essential portions of the plant were in 
operation. Because of the nature of the process, however, 
considerable tine was required for the state rial in the plant to 
reach and aa in tain equilibrium to the point where quantities of 
heavy water of required concentration could be drawn off. 
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(2) Froduotlen, 

(a) The initial design of the f'-S plant at Trail 
wae based upor. a proposed heavy «&ter production rate of O.L tons 
(1000 pounds) par son tlx. After the equipment became available for 
opera tion, estimates of anticipated production ware made and these 
were progressively revised fro*, time to tlma, as shown in the 

tabulation whioh follows. The original estimate and the actual 

■ 

produotion figures have been inserted for comparison • 

* 
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FfcODUCTIOK ESTHETES 

toSth Original b ^ 20 key ll bet ifi Ja» 80 War Aot. Prod. 



1946 1948 194S 1944 1944 



16 
81 
27 
61 
1S7 
126 

S«iui94« 1000 1200 760 660 400 526 

62 S 
467 



July 
Aug. 
Sept, 
Oct. 

JlOT. 

Dee. 



re©. 

Mar. 
Apr. 
May 
June 
July 
Aug. 

SOOt 4 

Get. 
Sot. 
Dec. 
Jan. 

reh. 

Mar. 
Apr. 
May 
June 
July 
Aug. 
Sept. 
Got. 
Bev. 



1000 

A WWW 


80 


60 










276 


160 








A WW 


WW 


SbO 








1 rvv) 


BED 


S6D 


60 






IvJv 


A*vw 


460 

WW 








Ac ww 


WWW 


180 

e>W 






1UUV 




AS0 


280 


400 




J.UUV 


AC WW 


TliO 

* WW 


280 

ww 




1000 


l«w 


Oww 




600 




1000 


1200 


SOU 


SOU 


£00 
www 


462 


% AAA 

1000 


12 00 


AVDU 


BOW 


TOO 

' WW 


700 


1000 


HOv 




1 WW 


200 

BjFW 


1000 


* AAA 

1SOO 


1 snn 
IX WU 


una 

BOW 


900 


600 


1000 


^ Ann 

I zoo 


IZUv 


Www 


100O 


900 
1000 

#vw 


100 J 


1200 


AZW 


AUwW 


1000 


1000 


J ZOO 


form 


llfifl 
llOv 


lOQO 


1000 


1000 


l»oo 


1 9IV1 

IKUv 


1.W 


loco 


1000 


1000 


% SAT) 


ACwV 


1200 


1000 


1000 


1000 


ton 


lew 


1SO0 


1000 


1000 


1000 


* AAA, 

1300 


ASwV 


19QQ 

A & WW 


1O00 


1000 


1000 


H AAA 
1SOO 




1IW 




1000 
1000 


1000 


1200 


12UU 


lew 


1 Don 


1000 


% MAM 

1100 


AZwv 


19m 
uw 


<eVVV\/ 


1000 


1000 


4*00 


A* ww 


1SOQ 

IftVW 


1000 


1000 


% AAA 

1000 


1ZDU 


19ftf) 
l£wv 


1 9flO 


1000 


1000 


looo 


1EOO 


1(W 


1900 


1000 


1000 


1WW 




1»W 


i too 


1000 


1000 


1000 


% inn 
AZwV 


1POO 

AEwW 


1200 


1000 


1000 

* 


Y Will 




ASwv 


isoo 


1000 


1000 


1000 


Ac ww 


A* wW 


lfiOQ 

abVW 


1000 


1000 
1000 


low 






1200 


1000 


1000 




1200 


1200 

■AW 


1000 


1000 


Jew 




liao 


1000 


1000 


1000 


lZOv 


ASUU 


19O0 
lew 


loco 


1000 


1000 


1200 


1200 


1200 


1000 


1000 


tooo 
1000 


1200 


1200 


1200 


loco 


1000 


1200 


1200 


1200 


looo 


looo 


1000 


1200 


1200 


1200 


1000 


1000 


1000 


1200 


1200 


1200 


1002 


1000 


1000 


1200 


1200 


1200 


1000 


1000 


1000 
1000 


1200 


1200 


1200 


1000 


1000 


1200 


1200 


1200 


1000 


1000 


1 GOG 

* 


1200 


1200 


1200 


1000 


1000 



490 
701 
726 
804 
660 
824 
906 
966 
1060 
1086 
910 
976 
1086 
1100 
1006 
966 
1106 
1080 
1105 
1096 



SB©. 1000 1200 1200 1200 lOOC 1000 11C0#640* 



fab. 
Mar. 
Ayr. 
May 
June 
July 

Aug. : 

Sept. 
Oct. 
Kov. 
Dee. 

•Eepreeeate loereaeed production due to introduction of dufoct holdup 
■ate rial into Trail Operation*. 

(To nate the eooxpariaon oo»i>iete, the eati**ted figure for ■exUaia pro- 
duetion has ia each ease been repeated froo - 



826«67Ci* 
1176*151* 
1165 
1170 
1026 

lose 

1906 
1162 
1080 
I960 
852 
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(b) The actual production each Ronth, in terns of 
percentages of the quantities originally eetisated, it shown on the 
following graph: 

Represent! increased produotlon 
% Of due to introduction of du tost 

Original holdup arterial into frail 

Eotlwatc Operation, 

180 




(e) Xt will ho noted free, the tabulation that the actual 
produotlon f igores hawe gradually and almost continuously increased, 
while the eetlwetoi have been revised progressively downward, with the 



result that the aotual and the latest estimated figures roaohed general 
agreement at the and of the year 1944. The low aotual produotlon prior 
to that tine is primarily attributable to the delay, referred to 
previously. In attaining the desired ooneentration equlllbriua. Respite 
this delay, however, the design rate has been attained eaeh swath, 
with very few except ions, since December 1944. 
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(ft) factors contributing to the delay in ^ro auc- 
tion mey be classified as minor end major. She minor factors prevailed 
for the noat part during the early production perlodf they comprised, 
brie fly i 

■ 

(1) Electrlc&l power torses and minor failures 
which Interrupted the operating cycle. 

(2) Veriouo nodi fleet tone and. ehangee la equip- 
ment or auxiliary systems, such asi changes in the hydrogen pipings 
ehan-es in the burner airengeaetttt Installation ef nitrogen pmo linesi 
re-arrangeE»nt ef the secondary plant coulpment. 

(e) the major factors weret 

(1) An abnormally dry season, which produced a 
scarcity of hydro-electric power for the electrolytic cells throughout a 
period from late January to early April* l<jft*t« this reduced hydrogen pro- 
duct lac to 6t£ cf the maximum. It is believed that revieions which have 
been made since that tics to the den at the cite ef the power station will 
new assure an adequate power sup ly at all seasons. 

(£) loos cf deuterium In various stages Cf con* 
eventration. This factor caused gram concern* A loes reduction program 
was initiated and concerted efforts were made by the operators, the con- 
sultants and the Manhattan District to eliminate leakage wherever practic- 
able* This program led to the adoption eft an adequate overflow collection 
system; an alarm system to give warning of unsuitable gas pressure in the 
Collet and vnnor-tlght cell covers. She success of these corrective mea- 
sures is evidenced by the increased monthly production records. 

(f) Two additional methods ef increasing production 
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were eug^sted and considered! 

Proposal I. To add kS electrolytic eolle 
to the prlnary plant* This wae proposed In July 19^ by and It vat 
ostisatod that it would cost $50,000, increase pro duo t Ion 16 lbs. par 
mouth, and require about 5 months to lnatall the cells and attain equilib- 
rium. After careful study the Manhattan District disapproved this propoe- 
al because the email additional amount of product would not Justify the 
additional expenditure, tt was estimated that the additional quantity to 
he accumulated in a period of 16 smiths (at 16 lbs. per month for 13 monthc, 
208 lee, total) could be obtained by operation of the frail plant, without 
the additional cells, for only about 9 additional days at a cost of appro*- 
lmately $9*000; and that the additional quantity to be accumulated In a 
period of two years could be obtained by operation for only about 18 addi- 
tional days at a cost of approximately 412,000. (App, 633)* 

Proposal 2 . To add a distillation tower and 
cuke use of about 1*0,000 to 50,000 lbs* of excess steam, made available by 
CM&S Company through reduction of sons of their independent processes* This 
proposal wae aade In August I9M1 by CM&S Com any, and it was roughly esti- 
mated that it would increase the output of the plant about 0, at a monthly 
Increase in operating cost of about $19,000. After a careful review had 

1 

been aade of overall needs and anticipated availability of heavy water In 
the future, this proposal was dropped, because of probable high cost and 
because it wae not desirable to Introduce a different process, with which 
the operating force wae totally unfamiliar. 

e. Production Records. (App. D3U). * The following tabulation 
shows the monthly record of production from the startup of operation of the 



hoary water plant at Trail t 



r 



Month 

June, 1648 

July 

August 

Sopt tabor 

Ootobor 

■orember 

December 

January, 1844 

February 

Mar oh 

April 

May 

Juno 

July 

August 

8ept ember 

Ootobor 

lorembsr 

Dooonbor 

January, 1646 

February 

Maroh 



Produotlon in Lbs. 

16 

81 

27 

61 
187 
126 
176 
826 
816 
467 
490 
TO! 
726 
804 
650 
§24 
906 
85E 
1060^ 
1055 
910 
978 



Month 



Produotlon in Lbs. 



April, 1M6 
May 
June 
July 
August 
September 
Ootobor 
lerember 
Dooonbor 
January, 1946 
February 
Maroh 

April 

May 

June 

July 

August 

September 

Ootobor 

loTonbor 

Deoember TJ^J* 



1096 




1100 




1006 




986 




1106 




1060 




1106 




1095 




1100 ♦ 


640* 


960 • 


848* 


626 ♦ 


670* 


1176 * 


181* 


1155 




1170 




1026 




1056 




1806' 




1182 




1080 




I860 




§62 





•Represents increased produotlon duo to introduotion of duPont holdup 
material into Trail Operations. After Maroh 1946 this material mas re- 
ported eumulatiTOly by th« oontraotor. 

The total eumulatiTO produotlon to the end of Deoember, 1946 mas 86,811 
pounds > 
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d. Produotlon Posts* 

(l) Operating Posts. (App. D85) - The oost of operation 

- 

of the hoary water plant at Trail mas originally estimated at about #800 
per day or #24,000 per month. Aotual operating oosts per month and per 



pound produoed during the months hare been as follows t 



Month Operating Cost Produotion In Lbs . Operating Post gar Lb. 



wuns , IMS 


f 21,979 


15 




#1425 


t/uiy 


At A AVA 

60,050 


a** 

51 




988 


August 


27,871 


S7 




1010 


Mptiaoir 


•a, 679 


61 




421 


uotober 


Am AO SB 

27,087 


157 




198 


BoYonbor 


■ K Kl 9 

OS, 612 


126. 




bbbv a*k 

269 


Deoember 


So, SB 8 


276 _ 




4 /% St 

105 


•January, I9%e 


50,607 


526 




at a 

94 


Fooruary 


J « linn 
41,706 


AE1 K 

515 




SB * 

81 


■ETOn 


00,000 


467 




71 


April 


a aq 
27,405 


4 OA 

490 




ASA 

68 


■ay 


26,255 


701 




ear* 

87 


Jan* 


A a *9fOA 

24,678 


MA A 

726 




aa j% 

84 


•July 


26,069 


S* *t A 

804 




52 


August 


25,456 


a£A 

660 




A» ft. 

59 


September 


26,595 


A ft J 

824 




■ A 

52 


Ootober 


aa am* 

26,079 


' ME 

905 




29 


Bovenber 


27,741 


966 




29 


Deoesbor 


•at* B*sia4 

27,604 


41 Ata 

1050 _ 




£6 


January, 1845 


29,096 


1056 


28 


February 


24,401 


910 




MSB* 

27 


Mar on 




875 




50 


April 


#4) AAA 


tune 




CO 


May 


A* jfaM a> 

89,088 


1100 




26 


June 


«C 4fiO 

Bo, 868 


^ Arte 

1005 




2b 


«ruly 


29,840 


Aft Bfi 

965 




50 


August 


(A A1 O 

00,019 


1 1 AC 
1100 




8 / 


oepbSBoar 




lOoO 




8/ 


vovooor 


oo oot 

89,891 


1100 




a? 

8/ 




- an kak 

■0,040 


1AOR .. 




*o 


vooeanor 


as arr 


1 1 Art A 

IIOO #>■ 


540* -*<-*-*• 


26 


January, 1946 


Off KfA 

25,550 


960 # 


.... p' 1 -* 
845* , 


8fcf» 

27 


February 


• 1 AA9 
81,60* 


■ OK ft 

680 * 


670* ; 


26 


Jnaroh 


27,139 


1176 * 


181* 


25 


April 


26,857 


1166 


' 


aa sa 

25 


lay 


27,852 


1170 




24 


June 


87,810 


4 AO C 

1025 


I 
\ 


17 


July 


80,958 


1056 




«9 


August 


80,718 


1806 


t 


24 


September ' 89,111 


1182 




76,72** 


Ootober 


66,017 


1080 




78.72** 


Borenber 


104,697 


1650 




78.72** 


Deoesber 


45,680 


852 




65.44*** 


Ara. 48 Hog. 










Juna 45 - Deo. 


46 |52 ( 879 


646 lba. 


#59.00 



*£aprasenti lnoraasad produotion duo to ln^troduotlon of duPont hold-up 
B»tarial into Trail Operation. Hare treated as If it was Trail Produotion 
in its entirety. 

**Unit prioe for 90-day standby period (Modification Wo. 1 to CM&S Contraot) . 
***Unit prioe for aeoond period of operation (Mod. 8o. 1 to 0M*8 Contraot). 
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(2) Total Coat par Found of Froduot. If the oapital 

investment (12,604,622) is amortised em the basis of 120 monthi plant 

lifa and this amortisation addad to tha eost of operation from tha 

start up of oparations to 1 September 1946 (Beginning of etandby period 

as definad by Modification lo. 1), the overall oost per pound of the 

heavy water may be aaleulated as follows t 

To September 1. 1946 

Amortisation! 

l/lO * #2,604,622 $ 782,000 

Total Operating Boat 1,098.766 

Total Oast ICTtKjBj 

Total Production lbs. 
Total Oost per Pound #89 

Immediately fallowing 1 September 1946, for the 90-day s tandby period, 

the unit prioe par pound of P-9 was #78.72. For the seoond period of 

operation following Dee ember 1, 1946 the unit priee per pound of P-9 is 

#65.44. (These unit prieos are In aoeordanoe with Modification lo. 1 

to C If a 8 Contract) 

6-2. Plants In the United Statos . 

a. Oontraeta . Operation of the three heavy water planti in 

the United S^atce la oorered by the aame Ordnanoe Department oontraots 

with I. I. duPont do lemours and Company, whioh provided for construction. 

(See Section 4) Important provisions of theae oontraots are i 

(1) Morgantown Ordnanoe Works . • Title III, Supplemental 

Agreement lo. 7 to Oontraot lo. W-OBD-490. 

Iitimated monthly operating eost #72,400 

letimated monthly produetlon 800 lbs* (12,800 "units") 

Operating fee #6.08 per lb. for fir it 800 lbs. per 

month] #S.20 per lb. for eaoh additional lb. per month (#0.58 and #0.20 
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per "unit" respectively). 

Minimum fee, $2,400 per month.. 
(2) Vvabash Kiver Ordnance Works . Title IV. Supple- 
mental Agreement Ko. 6 to Contract W-OliD-556, DA-W-ORD-38.. 

F8tin:Ht«d monthly ops rating cost, $321,800. 

Estimated monthly production, 2/100 lbs. (38,400 

"unite"). 

Operating fee, $9.28 per lb. for first 2400 lbs. 
per month! $4.80 per lb. for each additional lb. per month. ($0,68 
and $0.30 per "unit" respectively). 

Minimum fee, $10,700 per month. 

(3) Alabama Ordnance Works , Title III, Supplemental 
Agreement Ko. 13 to Contract Ko. V-0RD-526, DA-W-0RD-1. 

Estimated monthly operating cost, $2.12,000. 

Estimated monthly production, 1600 lbs. (26,600 "units"). 

Operating fee, #S.2B per lb. for first 1600 lbs. per 

month| #4.80 per lb. for each additional lb. per month ($0.68 and $0.30 

per "unit" respectively). 

Minimum fee, $7,000 per month* 

* 

(4) General . 

(a) The minimum fee at each plant was provided 
because of the uncertainty of the results, in order to avoid too 
great loss to the operating contractor in case of inability to at- 
tain the hoped for production! the scales of fees per pound were 
designed to offer an incentive toward increasing production. In 
any case, the whole schedule of fees must be regarded as extremely 
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low when the time and effort expended on thie work by key personnel 
of the du Pont Company ere considered — especially in proportion 
to the overall work of the ooiapany. 

(b) Because of the extreme uncertainty of the 
results, the contractor oould not be required to guarantee per- 
formance or meeting the specifications of the product, at any of 
the three plants* 

(o) The combined total of the payments for 
operating fees for each month was based on the total amount of 
finished product drawn from tho electrolytic finishing plant at 
Morgantown. As it was necessary to feed the unfinished product 
of the three distillation plants to the finishing plant from a com- 
mon supply, an equitable formula was devised for crediting the proper 
•hare of finished product to each of the plants, in proportion to 
the amount of unfinished product supplied by each, and the; separate 
fee for each plant was calculated accordingly. (App. D36). 
b. Procedure . 

In the supervision and administration by the Govern- 
ment of operations at the three plants, certain functions were as- 
sumed by the Manhattan District and others were assumed by the 
Ordnance Department. The divisions of authority and function were 
worked out carefully between representatives of the two agencies, 
in order to avoid all unnecessary duplications of personnel and facili 
ties wnile maintaining the desired secrecy and control. In general, 
the Ordnance Commanding Officer at each plant is charged with the 
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administrative duties pertaining to operation end the Manhattan 
District Engineer is responsible for technical supervision of oper- 
ation, including control of the quantity and quality of the product. 
The detailed arrangemonts are set forth in a letter from the Field 
Director of Ammunition Plants, Office of the Chief of Ordnanoe, 
addressed to each Commanding Officer at Korgantown Ordnance Works, 
Viabash Hlver Ordnance Works and Alabama Ordnanoe v'-orke respectively. 

(See letter to C. 0. at Morgantovm, 4 June 1943, Appendix DS7). 

« 

c. History of Operation . (App. D36). 

(1) Start-up . Because of the urgenoy for getting 
the plants into production and the length of time required to bring 
them into equilibrium, the individual processing unite were placed 
in operation as soon as the completion status of each would permit. 
The start-up dates may be summarised as follows i 

(a) Morgantown Ordnanoe Works . 
First Unit i 29 Kay 1948 
Last Unit i 28 August 1945 

(b) Wabash Kivor Ordnance ttorks . 
Fiist Uniti 17 June 1943 
Last Unit* 18 September 1943 

(c) Alabama Ordnance Yiiorks . 
First Units 29 May 1943 

Last Unit j 4 September 1943. 
Manufacture of the product started, officially, 1 July 1943. 



(2) product ion . 

(a) It was Initially estimated that a total 
production of 2.4 tons, or 4800 pounds, of P-9 per month would be 
obtained from the plants within the United States (800 lbs. at 
Morgantownj 2400 lbs. at Wabash Klver; and 1600 lbs. at , Alabama). 
The contract provisions clearly indicate, however, that this 
rate of production could not be assured* because of absence of 
precedent for manufacture of the product, and it became evident 

A 

during the early stages of production that the original estimate 
was over-optimistic. This conclusion was reached despite the 
hopes raised by promising rates of production during the first 
months of operation* New estimates were made on various succes- 
sive dates, each one indicating a progressive downward revision 
of anticipated maximum monthly production and a progressive post- 
ponement to a later date (except in the case of the last estimate) 
of the anticipated maximum attainment. The original estimate and 
the succeeding revisions thereof are shown in the tabulation which 
follows (App. DS9). The figures of actual production, as drawn 
from the finishing plant at Morgantown, have been inserted for 
comparison. 



PRODUCT IPS ESTIMATES 

Month Original SI An 5 Apr 6 May 12 June Aotual Production 

1944 1M4 1944 1944 



Jan. 1944 


4800 


- 


- 


Fob. 


4800 


1000 


tm 


Mar. 


4800 


4000 


- 


Apr* 


4800 


4400 


8000 




4800 


4400 


8600 


June 


4800 


4400 


8600 


July 


4800 


4400 


4000 


Aug. 


4800 


4400 


4000 


Sept. 


4800 


4400 


4000 


Oot. 


4800 


4400 


4000 


■aw 


aft on 

low 


4400 


4000 


Deo. 


4800 


4400 


4000 


Jan. 1948 


4800 


4400 


4000 




4800 


4400 


4000 


Mar. 


4800 


4400 


4000 




4800 


4400 


4000 


z- 


4800 


4400 


4000 


June 


4800 


4400 


4000 


July 


4800 




4000 


Aug. 


4800 


4400 


4000 


Bapt* 


4800 

4 


4400 


4000 


(To make 


the comparison complete. 







914 
8488 
8889 
8020 

2600 0 2074 
8000 2260 2241 
8000 2600 1996 
2600 2600 1299 
2800 2600 2114 
8600 2600 ■ 2264 

8600 2600 2016 
8600 2600 2202 
8600 2600 4 2208 

1600 2600 2206 
8600 2600 2201 
8600 2600 2807 
8600 2600 2604 
8600 2600 2609 
2600 2600 2208 
2600 2600 2692 
2600 2600 J 988. 




from month to month through 



8eptember 1946. Aftar September 1946 the plants mere in eomplete 
stand-by) • 

(b) The production of semi-finished produot at 
eaoh ef the three distillation plants, in terms of percentages of 
the quantities originally estimated, is shown on the following graphs 
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% of Ori- 
ginal Est. 




tieularly at Morgantown and Wabash River Ordnance Works, encouraged 
the belief that total overall performance sight soon approach closely 
the original estimate, which was reduced in the first revision (la 
January 1944) by less than ten percent. At that tine critical 
neohanieel defects had sot beooae apparent and there was no evi- 
dence that the faotori used in designing the distillation plants 
were in error. The early hopes were short-lived, however, as various 
adverse factors began to appear. These way be briefly described 
as follows t 
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(JL) Power fuilures and similar interruptions 
to continuous operation, although of a temporary nature, proved to be 
extremely detrimental in disturbing the flow balance through the pro- 
cess train. 

(2) Other performance difficulties were 
encountered, such as: obstruction to flow through the packing at 
the final stage of the distillation traini process piping and 
apparatus leakage | and fouling; of the final stage oalandrias. 

(d) The conditions described above led to the 
seoond revision of the original estimate and to the following at- 
tempts to Improve production* 

(1^ Boil-up rates were increased in an 
effort to Eiove the product through the distillation train at b faster 
rate. The anticipated benefits failed to materialise, however, and 
the previous rates were again resumed. 

(2) All distillation trains were operated 
on a direct draw-off system, to simplify the oontrol problem. This 
modification likewise failed to produce the anticipated results. 

(e) After a sporadic inorease, produotion 
followed e definite downward trend, which led to the further re- 
visions of the production estiinates, on 5 May and 12 June 1944. 

(f) Attempts to iaprove conditions were con- 
tinued (App. MO, D41), culminating ini 

(_l) A temporary discontinuance of the 
draw-off frrsa the; distillation plants, in July 19-14, to pcirmit 
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internal concentrations to build up. This notion was responsible 
in large measure for the extremely lorn performance recorded for 
this month, as shown on the chart. The chart also indicates that 
this action had no measurable effoot on production during the period 
following the month of July. 

(2) Investigation and partial correction 
of the tower plate efficiencies as described hereinafter. 

(g) An independent committee of consultants, 
composed of Dr. W, K. Lewis, Massachusetts Institute of Technology, 
Chairman, Dr. Ernest Thiele of the Standard Oil Company of Indiana 
(formerly r.itu the Standard Oil Development Coapan„ and consultant 
on the heavy water project at Trail, B. C.) and Mr, E. S. Farrow of 
Eastman Kodak Company, was called upon for advioe. This committee 
investigated P-D production at the Morgantown Ordnanoe Viorks and sub- 
mitted a report to the District Engineer under date of 12 August 
1944 (App. B42). 

(h) The principal conclusions of this committee 
were i that the primary difficulty appeared to be low plate efficiency 
of the first stage distillation units; and that the main causes of 
this condition weret (1) leakage of liquid from the plates; 

(^2) irregularities in the flow of vapor and liquid over the plates. 

(i) The committee suggested consideration of 
the following corrective E:easures in the firat etage units t 

(1^ Elimination of leakage and improvement 
of flow b,. r\odif i cat ion of the plate arrangement, particularly by 
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elimination of some of the caps, 

(2) Installation of higher chimneys. 
(The tern "chimney" refers to a part of th* bubble cap assembly 
which consists of a vortioal section of pipe extending above the 
bubble cap plate, above which if; fastened the hemispherical cap. 
This corrective measure involved also the elimination of leakage 
and modification of plate construction). 

(S) Construction of new modified first 
stage units, as an alternate to revamping existing units. 

(j) The following action was taken, on the 
recommendation of the operating contractor, 25 August 1944 (App. 
D4S) approved and authorised by the Manhattan District 9 Septem- 
ber 1944 1 

(1) One pair of first stage towers at 

the plant at ISorgantown Ordnance Works (one 15* and one 12* diameter) 

» 

were completely dismantled! all plates wore repaired to reduce by- 
pass leaks to a minimum. 

(2) One-third of the bubble caps on all 
plates of the 12* tower were removed in order to reduce hydraulic 
gradient thereon* 

(3) All seams and joints at all plates of 
both towers, which permitted leakage and by-pass of liquid within 
the' towers, were ffaskoted or welded. 

(k) This action was taken for the purpose of 
establishing the practicability of this method of improvement of 
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production. The repair end revision of one pair of towers only 
could not of course affect overall production, appreciably, but if 
it proved (successful a complete program of reconstruction could be 
undertaken later. 

(l) The action taken in effecting the sample 
reconstruction of the pair of towers at Morgantown was one of the 
proposals submitted by the special committee of consultants, as 
described above. The committee's proposal which involved tho In- 
stallation of tall chimneys was not followed f because it would not 
have been practicable (in the event that the trial improvement 
should proTfe satisfactory) to make similar improvements on all the 
remaining towers at the three plants, as this would involve procure- 
ment and installation of about one and a third million new plat© 
chimneys • 

(m) The revisions and improvements to the 
' two towers at Morgantown were completed 4 November 1S44, at a cost 
of about #72,000* The towers were out of operation for 24 days 
and the compar at ively small reduction in total operating capacity 
which thiOC two towers represent, for this period, did not seriously 
affect the total overall production. (This work was performed under 
the construction contract and its cost is included in the construc- 
tion costs). 

(n) Operation of thft plant at Morgantown after 
completion of the corrective work indicated that the two first stage 
tov/erss wore op^ rating at very close to design efficiency. The opar- 



ating contractor submitted (on 5 January 1946) an estimate of about 

£2,200,000 lor similar reconstruction of all the remaining first 

stage towers et Korgantown, Wabash K5ver and Alabama, It was also 

estimated that this work would require about six months to complete, 

and it was forecast that it would bring the total output of the 

three plants up to approximately S0% of the original design capacity, 
(App.. D44).. 

(o) Although inadequate plate efficiencies in 
the large towers of the first stage thu6 appears to have been 
definitely established as the major cause of production rates con- 
tinuing lower than those which were origins lly expected, the other 
adverse factors which were previously described also contributed 

to the record. Of these other factors, the fouling of the ealan- 

■ 

dries, produced by tube failures, has been most difficult to over- 
come (App. D88), 

(p) Decision mas made by General Groves not 
to authorize simile r reconstruction of all first stage towers be- 
cause it was estimated that an approximate balance between supply 
and demand for heavy watsr would be reached by the time the pro- 
posed work could be completed and the increased output made 
available. 

(q) In March 1945 the Ordnance Department 
advised the Manhattan District thsit they were planning to install 
additional steam boiler facilities at the Wabash River Ordnance 
Works, at e cost of |3, 000, 000 to £4, 800, 000. A review of re- 
quirements indicated that the heavy water plant at that 6ite 
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eould probably be shut down in the euoaasr of 194k and the atoms 
capacity of the plant nade available for the operation of the 
Ordnance fforks. The Ordnance fiepartasent was adviaed accordingly 
and were thus relieved of the necessity of installing the addi- 
tional boilers. 

(?) The shutdown of the three duFont Ordnance 
f-S plants was executed on the following detest 

Alabama Ordnanoe Works Jane SO , 1945 

Wabash River Ordnanoe lorks July SI, 1945 
ttorgantown Ordnanoe lorks t 

Distillation August SI, 1945 

Finishing September SO, 1945 

■ 

This schedule of shutdown was prearranged on the basis that the known 
overall ounulative required quantities of the produot to be expected 
frofi these three plants was satisfactorily attained, Upon termination 
of operations week plant was placed is indefinite standby condition • 
The monthly costs of SKlntainlnf these plants in standby were originally 
as follows i 

Morgan town Ordnance lorks $1500 
Alabaaa liver Ordnanoe iierks 1200 
Wabash River Ordnanoe lorks 1SS0 

later due to a Modification in security provisions at each of the plants # 

the costs were reduced in April, 1946, as follows t 

Morgantown Ordnance lorks $ 750 

Alabama Ordnance lorks 42£> 
Babes h fiiver Ordnanoe lorks 750* 

•further reduced to #600 on Beeestber 81, 1946. 

(d), Production Raoords. (App. D45). 

The tabulation which follows shows the Monthly reoord 
of produotlon of heavy water at the three plants in the United States, 
frojr the start-up of operation. The figures in the "Finished Total" 
ooIusb: are the quantities of finished produot drawn free the electro- 
lytic finished plant at Korgantown Ordnanoe lorks j the figures in the 
respective plant solium* are the quantities of seed-finished product 

supplied to the electrolytic plant fros; each distillation plant, and 
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the totals of theas ere shows in the "Seal -Finished-Total" eoluam. 



Jbroduotior in Pound* 

Sonl-Finishod Finished 

Month Morgan town totbash River Alabama fotol Total 



Dsosmbor 1943 


5S8 


556 


e* 


1,125 


eat 


January, 1844 


821 


2,061 


602 


3,474 


814 


February 


728 


984 


770 


2,483 


2486 


fitnh 


38.? 


1,883 


7f8 


2,493 


283S 


April 


755 


1,792 


831 


5,576 


5020 


iby 


628 


1,556 


886 


8,061 


2074 


June 


521 


1,266 


661 


2,456 


2241 


July 


511 


708 


514 


1,528 


1996 


August 


607 


1,553 


459 


2, BIS 


1299 


September 


SOft 


1,171 


612 


2,257 


2114 


Ootobsr 


48$ 


1,527 


562 


2,177 


2854 


lovember 


462 


1,510 




2,583 


2016 


December 


561 


1,822 


650 


2,813 


1202 


January, 1945 


493 


1,480 


526 


2,498 


1203 


February 


416 


1,209 


468 


2,093 


2203 


Ifarch 


5*1 


1,099 


589 


2,189 


2201 


April 


€71 


1,824 


570 


2,465 


«07~ 


May 


558 


1,156 


476 


2,590 


2604 


JUXLS 


557 


1,292 


445 


2,294 


250S 


July 


593 


1,285 


587 


2,465 


2203 


August 


5B4 


871 


0 


1,456 


2692 


September 


454 


0 


0 


. 434 


963 



The total cumulative production to the end of September 1945 ems 45,140, 
and the average monthly production from January, 1944 through September, 
£> 1945 was 2150 pounds* (This does not include 726 pounds of special pro- 
duet (90$ enriehed) and 8151 pounds of material recovered In Germany and 
reworked to product epeeifioations In the finishing plant). 



6.2& 



e» Production Costs. 

(1) Operating Costs end Operating Fees . (App. D46). 
(e) The total monthly operating coate of 
the throe heavy water plants were originally estimated in the contracts 
as follows j (App. C2 and D47). 

Plant Est. Operating Cost 

Morgantown Ordnance Works $ 72,400 

Yiiabash River Ordnance Works 521,800 
Alabama Ordnance Works 212,000 
Total # 606,200 

The considerably loiter cost for Iforgantown was estimated not only 
on account of its lower design capacity but also because of the 
following factors i > 

(1) Coal ehargee were substantially 
lower in West Virginia than in Alabama and Indiana; also, cheap 
ooke oven gas was available for the low pressure boilers at Mor- 
gantown; therefore, unit costs of steam were lower* 

(2) The. costs of raw water units 

were lower at Morgantown because the design and layout of the exist" 
ing Ordnance plant permitted the use of a cooling tower. 

The estimate for Morgantown in- 
eluded an item of $3,000 for investigations to increase capacity 
and reduce costs. Although this work was to be carried on at 

Morgantown, its results were applicable to all three plants and 

* 

therefore this item might theoretically have been proportioned 
among them. 
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(b) The actual operating costs per month and 
the actual operating fees for each plant and the total production costs 
per pound during the month are shown in tho accompanying table. 
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Operating Cost Operating Fee Total Prod 
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113,655.15 


Sept. 


55.256.11 


0.00 


0.00 


55,256.11 


2,727.64 


7.917.00 


1,001.66 


11,646.50 


46,882.41 


ATg. **** 


68,822 .00 


185.650.00 


146,992.00 


561.585.95 


5,158 .00 


11.786.00 


7,064.00 


21,266.10 


423,400.00*** 



♦Because of the time lag between the water distillation and the eleetrolytie finishing processes, the figures in this 
exactly the eosts per pound of the finished naterial produced during eaeh month, but they are the closest approximat 

Include b costs for July, 1945 and preceding months . 
***The aunmatlon here shown does not represent the total cost for operation up to Oeoeaber 51, 1946. Additional item 
to date shown by this tabulation. The total production cost is shown by paragraph 5-2 e (2) . 

"♦•Columns 1, 2, 3, 5, 6 * 7 based on eosts from Feb. 44 to standby for eaoh plant; columns 9 * 10 to standby of all 
4 4 8 through September 45. 



Operating Cost Operating Tmm Total Prod Total Prod Prod. Cost 

_________________ _ _________ Cost Pounds Par Pound* 





W.R.O.W. 


A..0.W. 


Total 


M.O.W. 


W.R.O.W. 


i 


-0.W. 


Total 










" ft AAR -QC 




A AIM OQ 












8 AA8.M 

9 , Ww . W 






1 

K 


HI 1QR AT 


Al TOO 1A 

Hi i vv • xa 


1AO ROQ as 


9 AAA AA 


1A 7AA.AA 


T 


non.nn 

wvwttww 


2A lAA.OO 
_w, XwVoww 


189 ROO .RS 

XVV, WWW .WW 






& 

9 


127 888 K7 


82 12C.RR 

ww, IfiitOv 


2B7 SOO.AO 


2 aao.oo 


1 A 700.00 


T 

ff < 


AOO.OO 

WWW IW 


20 lOO.OO 

_W , AW .ww 


277 499 .40 

aw * fl a,T Iff aww 






I 


ITS 366.18 


114 411 .or 

A J»~B * ~_ I A X • V ff 


SA7 OSS.7S 
oil |U«vt f w 


2 AOO.OO 

_, TJW4W 


lO TOO .OA 

1U , f ww . ww 


7 

ff | 


ooo.oo 

WWW •WW 


20 100.00 

aVf AWW • WW 


187 IOS.75 

w * 0 A W a ff w 






I 

_ 


IBS 146 .OS 

A Cr OF g) A~_W • w 


142 642.77 

A - tw f w~ K _• a f 1 


SOS 749.24 

w<ffV| ff w *w a 


2 AAA .Aft 

as |Wv *WW 


lO TOO .00 


7 

ff * 


ooo.oo 

WWW • WW 


20 100.00 

a»W 0 AWW aWW 


41S 849.24 

~ c A W 0 W _ aT •ww 






» 


194 TS9.8T 


ISO AOO.A7 


877 Aift 28 
or r ^ 910 


W f «WW 


1A TfiA-AA 


7 


www a ww 


20 100.00 

WW , 1UV .WW 


SQ7 K\g_9ft 






I 

9 


198 68S.77 

_ffO a WW we ff I 


IAS 7&O.SA 


AOS 88S.SS 


9 j/yi Aft 

— ► •ww 


1A TAA AA 
XU , f vw . W 




AAft-ffcf) 

www • WW 


20 lOO.AA 

m\J , Xww lW 


4.2 R Oft R_ -US 

Va w 0 99 O • WW 






L 

a 


215 18 2. Kg 

a iltff AwM • WW 


IBS llfi.OS 


ASA 687 .88 


2 4_O_A0 

A ^ Tw a Uw 


lO TOO .AA 


7 


fVV%_/\ft 
www a Ww 


2Q lOO.OO 

WW , Xww .WW 


•ISO TRT.ftS 

Vvv n ff w ff aww 


91 A 


AQR 2A 

WO. ww 




204 1S0.9S 

-»V~_ |_VU ■ ww 


141 1S1.57 

A™ 'A 0 A W A • V • 


4Q8 880.81 


— 1 4 www •ww 


12 S8T.A8 

A a* ^ a^w ff • VV 


7 

ff i 


M0_00 

www •WW 


24 252 .08 

ww |BVa aWW 


4S2 032.87 

~( ww 0 www aw ff 


2 AR8 


1TA Ol 




208 .423. 9S 


171. 748. SO 

_» • a £ f w a wv 


452 872.28 

^■vw #w f a* a ho 


4 668. S6 

~bt 0 www a ww 


12 895.14 

_Wf waw a A~ t 


7 

ff i 


000.00 

i WWW #WW 


24 465. SO 

mrW 0 — W w • WW 


477.SS5.78 

T II ff f %rvv • • W 


2 859 

a» |VVa 


16R .1A 

Xww . XV 


) 


115. 508. 51 


155.777.54 


425.659.84 

war a Wwa •va 


S 521.46 

V| WW A a - TW 


14 736.64 

A — t a ■ W— ' • W~B 


7 


918.16 

1 aTAW a AW 


26 176.26 

a*w | - > W a ww 


449 816. lO 

— t — i #| v _ w a aw 


S 020 

w 0 W«>W 


1AA .96 

11Q ■ WW 


E 

w 


208 578.18 

a* ^ w f • Aw 


161 246.68 

AW A f W a ww 


4S9 056.61 

~ i W w a Www a W A 


S 197.70 


lO TOO.OO 


7 

ff , 


ftftrt ^.ftA 
i www a Ww 


20 ROT. TO 


4S9 9S4.S1 


2 074 

*» a w ff V 


221 T7 

wwX if 1 


\ 


US. 198 .45 


140 158.87 


403 877.98 

~KWWaW? f a wu 


2 700.28 

Wf f WW *_»W 


in- TOO .00 

Aw p r ww luv 


7 


i WS/W •Ww 


20 AOO.28 

w»W ^ TaWW •aww 


424 278.26 

TB B»~X pa* ff w OAU 


2.241 


IRQ Rt 
XO 


I 


1S7.8SS.55 

_>w • a «4~ war v w 


14S.116.91 

—k^a v gy — > aw a a* A 


400.246 .77 

~_>W a WWW a F r 


2 578.68 

a* 0 W * W a WW 


10 700.00 

AW a. * WW • WW 


7 


ooo.oo 

vvv aw^w 


20 278.68 

_*W |— IUI WW 


420 525.45 

■ ww 0 W*i v t Va 1 


1 996 
x . ww 


21 A. TO 

w IV iff 


I 


1S5.295.01 

_hw f w wW aw A 


158.715.16 

_ W • V _iVra_i_* 


413.819.10 

Awa, w Aar • AW 


2 400.00 

w f ~ ^^w aww 


10 700.00 

AW 0 w WW «> WW 


7 a 


ooo.oo 

i WWW *ww 


20 100.00 

wW a AWw • WW 


435 919.10 

~ c W-W a w A w • AW 


1 299 

JL 0** 9 & 


SS4 .OA 

WWV IVY 


i 


115.579.10 


147.1S2.87 


406.051.61 


2.948.80 


11.632.48 

A A J) w^p«a • »w 


j t 


.000.00 


21.681.28 

ap a £ ww a 


427.652.89 

^aw v m w aca> ~* _• W 


2.114 

wm 0 MArm 


202.29 

a »wa* o mm a 7 


) 


180.054.70 


159.806.59 


389.815.99 

_™_» _■ ■ _v _h ar ■ ar ar 


2.936 .64 


11.467.18 

A A ^ » — ' ■ aAW 


7 i 


,000.00 


21.403.82 

w_v* ww *va 


411.217.81 

^a_k_»a^v_<v aw _> 


2.254 


182^44 

AWW • A ■> 


5 


181.062.98 


142.006.79 


39S.015.52 


2.684.32 


10,700.00 


7, 


,000.00 


20,364.32 


413,397.64 


2.015 


205.16 


» 


185.551.76 


165.649.80 


415.523.75 


2.880.40 


11,614.50 


7, 


,000.00 


21,494.90 


435,018.65 


2,202 


197.56 


> 


184.577.95 


156.031.40 


414.045.50 


2.400.00 


11/481.10 


7 


.000.00 


20.881*10 


434,926.60 


2.205 


197.42 




180.452.06 


136.484.01 


385.521.20 


2.400.00 


12,009.46 


7 


,000.00 


21,409.48 


406,930.68 


2.203 


184.72 




187.516.79 


148.979.10 


400.421.69 


2.618.58 


11,836.06 


7 


,000.00 


21.454.64 


421,876.33 


2,201 


191.67 




182.565.40 


136.660.29 


585.659.20 


5.222.40 


11,685.84 


7 


,000.00 


21,908.24 


405,567.44 


2.307 
2.504 


175.80 


I 


185.815.74 


134.742.56 


884.634.68 


5,445.18 


12,159.40 


7 


,000.00 


22,582.58 


407,217.26 


162.65 




170.480.25 


151.475.04 


368,102.36 


5.657.42 


12,696.78 


7 


.000.00 


23,234.20 


591,556.55 


2.509 


155.97 




141.256.61 


15.715.77 


219.901.41 


5,335.74 


12,055.88 


5 


.308.52 


18,697.94 


- 236,599.55 


2.205 


108.51 




28.815.02 


0.00 


91.560.47 


5,765.80 


11.756.88 


6 


.571.98 


22,074.66 


115,655.15 


2.592 


45.84 


■ 


0.00 


0.00 


55.236.11 


2.727.64 


7.917.00 


1 


.001.66 


11,646.30 
21,266.10 


46,882.41 


965 


48.68 


i 


185.650.00 


146.992.00 


361.383.93 


5,158.00 


11.786.00 


7 


.054.00 


425,400.00*** 


2.277 


186.00 



am lag batwaan tho water distillation and the eleotrolytio finishing prooasees. the figures in this column do not represent 
i per pound of the finished naterlal produosd during eaeh stonth. hut they are the elosest approxiaatlon obtainable, 
ear July. 1945 and preoeding aonths. 

ere shown does not represent the total oost for operation up to Deoenber 81, 1946. Additional items were aoorued subsequent 
his tabulation. The total production oost is shown by paragraph 5-2 e (2) • 

3, 8, 6 * 7 based on costs froa Feb. 44 to standby for eaoh plant; columns 9 * 10 to standby of all three plants and columns 
ember 46. 




At ihowa, the average produotien eost per pound of the 
total production during tho porlod February 1944 to September 
1MB inclusive mi #186. It will be noted that there hae been 
one extreme variation from thli aTerage during the 80 months, in 
the month of Aaguet 1944, when finished preduetlen was low booaueo 
of the experiment of temporarily discontinuing the draw-off from 
the diet illation plants, as previously- explained. 



plants ($14, 748,211) is added to the eost of operation from the 
startup to the eessatlon of operation, 90 September 1948, the 
overall eost per pound of heavy water produced in the duPent Ord- 
nanee F-9 plants may bo calculated as fellows t 
f e 90 September 1948 (Shutdown) t 

Oest ef Oonstmetlon, ete. (Inel. OSRD) #14,749,211 
Total Froduotlon Bests 10,898.494 



(6) total Cost per Found of Freduot. 



If the amortisation of the total eost ef the three 



fetal Oosts 



#88,098,966 



Total Froduotlon* 



46,666.6 lbs. 



Total Sost per Found 



#680 



•Includes 786 pounds of speolal Freduet (9Q]Q 



6.89 




s 



a. Jrroduotior ggeordg. 

(1) Tt& total oiaaulative production to SI Deoe&ber 
194£ was ae follows i 

For tbe liant at trail, E. C. *6,«0 

For the Three V. S. Hants t 

tegular F redact to, 140 
Special Product (80^) 726 

barman heeorked Product S.l&l 

foul Sm3T 

(2) this total la inerenein£ at the rate of approxi- 
mately 1100 pounds par sumth* 

(S) As has ween explained previously the rates of pro- 
duction at the various plants did not swat the expectations held In 
the earliest ctagee of the project. Ik dealing with a comparatively 
sea material and comparatively new proeasaes sever before attempted 
for quantity production this is not aurprialngf It merely indicates 
that the scientists and engineers nay have eat their eights too high* 
nevertheless, no one e«mneetad with the various parts of the project 
was eoatent to let the lowered rates of production continues on the 
contrary, all eoaeerned have wade every effort to find and eliminate 
flaws in operation and eevise ways and means for improving the 
production record, consistent with sound policies and eeonmties. 
The experimental improvements which have been tried cut at the 
plant at Morgaxtoen have indicated that if the Government's 
cSeaands for heavy water ware increasing, instead of diminishing, the 
icstalletioc of similar improvenentE throughout the three plants in 
the United States which would then he Justified night of foot material 




increase! la the rates of production and night bring them close to 
the design figures. 

b. Production Costs. 

The total cumulative production oosts to 51 December 

1946 were as follows i 

For the Plant at Trail, B. 0. | 1,416,110 

For the three V. 0. Plants 10,280,464 
Total 111,648,674 

This total is increasing at the monthly rate of about #89,000 for 

trail production, plus #1176 required to maintain the three 0. I* 

plants in standby. 

c. Total Cost per Pound of Product, 

(1) The total cost per pound of product, including 

amortisation of the total oosts of construction, etc*, as of SI 

Deoenber 1940 is as follows t 

For the Plant at Trail, B. C. #111 
Per the three U. B. Plants 660 

The OTerage total cost per pound for the entire production Iron 

all four plants night be calculated as follows t 

Total Gosts of Construction, ate. #17,647,866 
Total Production Costs 11.648,674 
Total Cost #28,996,407 
Total Prcduotion 81,470 lbs* 

Average Total Cost per Pound #866 
(S) This high arerage total cost per pound is of course 

due primarily to the short periods of operation during which 




8.60 




the entire construction costs of the four plants have been assumed 
to be amortised* about 2;V years for the plant at Trail, E. C, and 
2 years for the three plants in the United States. In the last 
month for which complete figures are available, March, 1945, the 
production eost was $30 per pound at Trail and $192 per pound at 
the three U. S. plantB, or an average of $142 per pound. If produo- 
tion should continue and if the production rate at the three plants 
in the United States were Increased by means of the improvements 
which have now been devised, the avorage total production cost 
for, say, 6000 lba» of product per month might be reduced to about 

- 

$90 per pound. This would represent the average total additional 

' ' i 

cost, exclusive of amortisation, or the average total oost over and 
above expenditures which wauld have been already made* 

(3) The lower costs of production at the Trail 
plant as compared with those at the other plants result to a con- 
siderable extent from the fortunate circumstance that hydrogen was 
already being produced by the CMfeS Company, with facilities already 
existing. Therefore the heavy water was in effect a by-product of 
the existing plant, and the costs of an important large part of the 
process are not fully reflected in the costs of the produot. To 
have constructed in the United States, a complete plant, from the 
ground up, for the production of heavy water by this same prooess, 
might have developed a cost per pound in excess of the costs at the 
distillation plants. 

5-4. Shipments of Material. 

Shipment of partially concentrated material from the Alabama 





and ftabash River distillation plants to the Morgantown eleotrolytio 
plant for final concentration ia made by Railway Express under a 
"Money" reoeipt, in sealed, special metal containers. Notice of 
shipment is made by registered mail and the recipient is notified 
of container seal numbers so that they can be ohocked for evi- 
dences of tampering. Deliveries from the plants to the Railway 
Focprsss office and from the terminal Express office to the Morgan- 
town plant are made by special truck. The frequenoy of shipment 
and material shipped is unknown to anyone except certain selected 
individuals. 

Shipment of finished product from the Trail Plant 
and from the Morgantown Ordnance fflorks to the University of Chicago* - 
Chicago, Illinois is also handled by Railway Express under "Money" 
or "Registered" (Canadian) receipts with similar provisions for 
notice of shipment, numbered seals, pickup and delivery by special 
truoks, as are described .above for the partially concentrated material. 



5.32 





SECSIOa 6 - OBOANIZATIOB AND P^KSORMSI, 

6-1* Administration, 

a. The Government organisation and personnel for the 
overall administration of the B-9 Project are set forth in Book I* 
The organisation of the OS ED, the 3-1 Committee* the Military 
Policy Committee and the Manhattan Diet riot, and their eomoeetion 
with the DSU Project as a whole, are there described* 

b. Before the project was fully organised, the prelis&n« 
ary work was carried out under the direction of the OSED, with 
General W» D. Styer, Chief of Staff, S.O.3., being kept informed* 

o. The project was placed under Colonel J* C Marshall 
who a erred as District Engineer of the Manhattan Distriot from 

19 June 1942 until he was relieved by Colonel X. D* Mahola on 

20 July 1943* Colonel Uichola has served oontinuouely as District 
Engineer aiaae that time. On 29 Septenher 1&4S Major General L, R*. 
Groves was selected by the Secretary of War to take complete exe- 
cutive eherge of the entire project* 

d. The personnel of the District Engineer 1 • unit in 
direct charge of the development and production ef this product 
has oo ns la ted of the following! 

(1) Dnit Chief, Construction and Operation! Vajor 
H. S. Traynor. 
Assistant Chief j Captain M, J» Pamett. 
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(2) Construction . 

Trail, B. C. Areat Major J. P. Sally. 

(b) Morgantown Areai Major E. A. Brinkman, 

suooeoded by Captain W. A. Catlett, 
(o) Wabash River Area i major L. £• Rosbaok. 
(d) Alabama Areat Captain W. 0. V.elle, suo- 

oeeded by Captain Joseph H. King. 

(3) Opera tlon» 

(a) Trail, B. C«» Plant » Major J. F. Sally 

(b) Morgantown Plant t Captain W. A» Catlett* 
succeeded by Captain M. J. Barnett. 

(o) Wabash River Plant i Captain M. J. Barnett. 
(d) Alabama Plant i Captain M. J. Barnett. 
6-2. Research and Development Personnel- 

a. Dr. H. C. Urey, Member of OSRD, of Columbia University. 

b. Dr« E. V. Murphree, Member of OSRD,) of Standard Oil 
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o* Dr. E. W. Thiele ) development of 

catalysts for the 
Trail, B. 

Plant i construction 
and operation of a 
heavy water pilot 
plant. 

d. Dr. H. S. Taylor, of Princeton University) Development 

of Catalysts. 



e. Dr. M. Dole, Northwestern Unlveraity ) Heavy water 

) analysis me' 

f. Dr. A. 0. C. Nier, U. of Minnesota ) h equipment 



g. Dr. G, M. Webb, of Universal Oil ) Development of 

Produots Co. ) Catalyst. 
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h. Dr, V. 1U Ib&yar, of Hht> du Pont Co.«) Ltfvolopmont 

of Diatil- 
lation Fr««o«a 

Daalgn Pgr»op£al> 

a. Conaolidatod Mining ft Smelting Co.j Trail, B. 0*, 

Dr. 6, H, Wright. 

b. Stent A Vvkstar ftiginaorlng Corp., Sir. A.L. Hartridgo, 

Projoot Ifanagar. 
8. I. du Pont do Iaqbout* ft Co., Ins., fttladngton Offioo. 
(1) Sr. E. a. A start, Ohlof Sagineor, Znginaarlng 

* 

Department. 

(I) Mr. Granville X* Bead, is si it ant Chief Saginaw, 
(8) Mr. foot C. Oary, Managor of Doaign Dirlalon. 
(*) Mr. F. 1. Werdenburg) of tho Awuouia Department i 

(6) Dr. V. 8. Thayer ) £*m»ral oonaultant aerrleea 
(8) Dr. J- A. Monler ,) and teehaioal auparvieioa 

(7) fir. w. P« Sabblngton) of pmiui dealgn* 
6*4» Coaatrootloa PoraoaBoK 

iiCIII Co., at frail, 1. 0., Mr. 1. F. leidje. 
b. du Pont Company 

(1) At TOlalngtoni Mr. I. 3. Aokart and Kr. Oran- 

villo M. load. 
(J) At Morgaatovn Ordnance Hbrkai Mr. J. M» 
Ghrlataan, Fiold Pro>et Manager, auoooodod by Mr. E« W. Frits. 

(8) At labaah RlTar Ordnanoo Workai Mr. W. 7. tyles 
Pleld Projoot Managor, auoooodod by Mr. H. K. Flsbor. 



(4) At Alabama Ordnance WorJou Mr. If* V, 
Irseatch, Field Pre j act Han* gar. 
6-5 • Oparafclag Personnel. . 

a. C M t 8 Ce., it Trail, B* C«, Dr, C. 1. Wright i 
Mr. J* Buahaoan, Manager* 

b. du Pont Co., general tonhnical auperrieion of all 
three plants. Dr. J* A. Moaier, Dr. W. P. Bebbington, and Dr« 

!• Thayer* 

(1) At Iforg&tttoim Qrdnanoe Works* Mr.* Oorden 
Castor, Manager* 

(2) At Wtbash Slier Ordnance Works t Mr. H. 8* 
Hopkins , Ka. eager. 

(8) At Alabama Ordmnoa Works ; Mr, T, A. Jonef, 

Manager. 

Cm Consultants during Operation, tfcny of the personnel 
llatad In paragraph 6*8 above wore oonsulted during operation. In 
addition* a special eeaadtteo, eoapoaed aft 

(1) Or. W. X. Lewis, Chainaan 

(2) Dr* Ernest Shiele 
(8) Sr. Edaaurd 8. Farrow 

was sal lad upon to advl*s in eozmsetion with the operation of ths 

- 

plants in tba U. and tubal ttad their report 18 August 1944. 
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rut «uooe«sjful R-LtainueAt of tho purpoet of the project 

vee due to the loyal, cooperative and unremitting effortn of ell 

i 

thoee listed above and laeay* smay other*! toe nanerrce to aentlon* 
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APPENDICES 



Appendix A* Drawings 

Al. Layout of plant at Trail, B. C, Canada 
A2. n Morgantown Ordnanoe Works 

A3. n ftabaah liver Ordnance Works 

A4« " Alabama Ordnanoe Works 

A5. Flow Diagrams, Trail Plant (with desoription) 

A6. Flow Diagram, plants In U. 8*, Distillation 

A7. Flow Diagrams, Plant at Morgantown Ordnance Works, 
Eleotro lytic Finishing (with description) 



Appendix fi. Photographs 
Bl. Trail Plant 

B2« Plant at Morgantown Ordnanoe Works 
B3. Plant at Wabash River Ordnanoe Works 
B4. Plant at Alabama Ordnanoe Works 
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Appendix 0* Lists of Speoial Documents (in Files) 

CI. Technical Reports 
C2. Contracts 



Appendix D. List of Other Data in Files 
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Al. Layout of plant at Trail, B. C. Canada 

A2. Layout of plant at iiorgsntown Ordnanos Works 

AS. Layout of plant at Wabash River Ordnance Works 

A4. Layout of plant at Alabama Ordnance Works 

A5. Plow Diagrams, Trail Plant (with description) 

A6. Flow Diagram, Plants in U. S., Distilhtion 

A7. Flow Diagrams, Plant at Morgantown Ordnance Works, 
Eleotrolytlo Finishing (with description) 
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A3. Layout of plant at Wabaah River Ordnance Works 
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Layout of plant at Alabama Ordnanoe Works 
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APPKNDrX 16 
DESCRIPTIOB OF THE CVjkS HFAYT WATEH PLABT 



The CIGb8 Heavy Water Plant at Trail, B. C. is designed to 
produce about 40 lbs. of final product (99.8J2 D£0) per day. The 
complete operation comprises a Prinary Concentration Plant and a 
Secondary Concentration Plant. 

Primary Concentration Plant . 

The object of the Primary Plant is to concentrate DgO, which 
is present at a concentration of .016^ in the feed water, to a 
concentration of about This concentration la effected in four 

stages of eleotrolytio cells and exchange towers. The primary plant 
produces about 2140 lbs of 2.3$ heavy water per day which serves as 
feed to the secondary plant. 

The following is a brief description of the process flow for 
the Primary plant to accompany Figure 1. Table "A" gives a brief 
explanation of the various pleoes of equipment. 

The feed water, ordinary steam condensate, is fed to the top 
of the first stage exchange towers Tl-A, B and C and on leaving the 
towers is fed to the first stage eleotrolytio cells. The water is 
electrolysed and the generated hydrogen is sent through a condenser 
where the entrained electrolyte is separated out and sent to El. 
The hydrogen moves from the condenser to the base of towers Tl-A, 
B and C. At the base of each tower a reboiler is provided so that 
part of the water in the tower ean be converted into vapor which 
is added to the hydrogen rising through the tower. In the tower 
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a catalytic exchange reaction takes place in which the deuterium 
in the hydrogen gas is tranf erred gradually to the water vapor 

HD t H 2 0 w HDO f H 2 . 

At the top of the towers condensers are provided by means of 
which most of the water vapor in the gases can be converted into 
liquid and returned to flow down the tower along with the fresh 
liquid feed* The hydrogen gas leaving the top of the first stage 
towers end depleted in deuterium content is utilised in the CM&S 
SHg synthesis plant* The liquid leaving the base of the tower and 
more concentrated in deuterium content is fed back to the Stage 1 
cells* Thus DgO is trapped in the cells and becomes increasingly 
more concentrated in the electrolyte* 

Entrained electrolyte in the generated hydrogen and oxygen 
gases and separated out in the condensers is evaporated in El* 
The condensed vapor from El serves as liquid feed to the top of 
12. The sarae catalytic exchange reaction takes place in T2 between 
the water vapor from the T2 reboiler and the hydrogen generated in 
the Stage 2 cells* The hydrogen leaving the top of $2 is sent to 
the base of the first stage towers* The electrolyte entrained in 
the generated cell gases is condensed out in the condensers and 
evaporated in E2. The condensed vapor from F2 serves as liquid 
feed to the top of 13 * The catalytic reaction takes place in- 
creasing the deuterium concentration of the liquid fed to the 
Stage 3 cells* Electrolyte entrained in the generated Stage 3 
gases is condensed out and evaporated in E3, The condensed vapors 



App.A5.2 



then serve as liquid feed to T4. The electrolyte entrained in the 
generated stage 4 gases is condensed out and piped to Tk6 from 
where it is fed to the seoondary concentration plant. 

Essentially the same operation is carried out in each stage, 
Water to fe?<d the towers for the first stage is ordinary steam 
condensate. Water for the succeeding stages is obtained from the 
electrolyte entrained In the gases generated in the preceding stage. 
The hydrogen gas leaving the top of the 4th stage tower is fed to 
the base of the 3rd stage tower along with the cell gas from the 
Third Stage cells j similarly, the gas streams from the tops of the 
Third and Second Stage towers are fed respectively to the bases 
of the Second and Fir at Stage towers. Although the equipment 
remains essentially the same, it becomes progressively smaller in 
eaoh succeeding stage and the concentration of in the electrolyte 
becomes higher with each succeeding stage. 

The oxygen generated in the cells la piped through condensers 
and through TS (oxygen scrubber) to remove the entrained electro- 
lyte. The liquid la returned to the process while the oxygen pro- 
ceeds on to the CMS smelter and the coke - NHg plants. 
Seoondary Concentration Plant . 

The concentration of the material reoeived from the Primary 
Plant is continued in the Secondary Plant. A batch process is used 
to bring the concentration from about ^0 up to 99.8$ lip in 

three stages consisting of 125, 21 and 4 electrolytic oells res- 
pectively. The Seoondary Plant processes about 2140 lbs. of Primary 
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Plant product per day to recover the naximura hoavy water ooncentrate 
and returns the remainder (about 2100 3 be. of the original feed) back 
to the Primary Plant, 

The current production efficiency of the Secondary Plant is about 

97 %. 

The following is a brief description of the process flow for the 
Secondary Plant to accompany Figures 2 and 3. Table "B" gives a brief 
explanation of the -various pieoes of equipment. 

The lnooming product (2,2 to 2,4$ heavy water) from the Primary 
Plant is fed into Tk-l where it is mixed with XOH, THhen a suitable 
electrolyte (2.5$ KOH) has been prepared, it is then charged into 
eells 1 through 125 where it is eleotrolysed (or "rundown") to 1/7 
the original volume. The gases (Eg T gOg) given off at the elec- 
trodes tre sent through K02I dryers D-la, b t c, d, and e, and then 
burnt to reoombine the gases to form HgO and condensed in BC-1. 
The water thus formed is returned to the Primary Plant sinoe it/s 
concentration in heavy water (about 0,7$ DgO) is less than the in- 
coming feed to Tk-l, 
i The concentrated rundown or residue from cells 1 through 125 is 

drained out, carbonated in sump tank Tk-2, and then evaporated to 
dryness in K-l, The vapor is condensed in C-l and run into Tk-5 
from where it is fed into cells 126 through 146. The KgCOg sludge 
resultant of this evaporation is discarded, 
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The material in cells 126 through 146 is electrolysed to l/7 

^ita volume* The resultant gases are dried in D-2 and burned and 

condensed in BC-2. This burned gas condensate 5.s then returned to 

Tk-1 or Ik-a as feed for oells 1 through 125 or 126 through 146, 

depending on the concentration obtained as the electrolysis in cells 

126 through 146 proceeds. 

The concentrated residue from cells 126 through 146 is carbonated 

in sump tank Tk-4 and evaporated to dryness in E-l. The vapor is con- 
run 

detuied in C-1 and/ into Tk-S from where it is fod into cells. 147 through 
ISO* The K2CO3 sludge is used to caustioiae the feed for cells 1 
through 125* 

The material in cells 147 through 150 is electrolysed until 
the concentration of the burned gas condensate from BC-S reaches 
99. 40% heavy water at which time the residue in the oells is at least 
product strength (99,8% heavy water). When this point is reached the 

* 

electrolyte residue from cells 147 through ISO ie drained, carbonated 
in sump tank Ik- 6, and evaporated in K-2. The vapor is condensed 
In C-2 and the condensate is run into the produot tank Tk-S as material 
of a concentration of 89.8$ DgO. This material may undergo further 
distillation in a produot sti'll and blending to give a pure (low 
conductivity) product with a pil x 6.0 to 6.6 according to specifications. 

The KgCOj sludge from K-2 is used to caustic iae the feed for 
oells 126 through 146. 

Product may also be obtained as the burned gas condensate from 
BC-3 by continuing the electrolysis in oells 147 through 150. However, 
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this presents disadvantages in that the elimination of nitrogen 
oxidee from the burned gas is very difficult without an evaporation* 
Therefore it is more feasible to run the BC-3 sias condensate into 
Tk-3 or Tk-6 according to concentration from where it is fed t© the 
cell* • 

The dralnings from the ROM dryers (used for drying the electro- 
lytic cell gases before burning) are utilized in cauatieising the 
feed liquor to the respective cells. 

The Primary Plant product is weighed into the Secondary Plant, 
while the final product and the return to the Primary Plant are alao 
weighed* Thus all requirements for an overall plant chemical balanoe 
for heavy water are observed* 

I 



I 
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TABLE A 



Explanatory notas on Equipment illustrated in Figure 1, Process 
Flow for Primary Concentration Plant i 



E quipment Piece 

Feed Water Tank 

Catalytic Exchange Towers 
Tl-A, B, C, T2, T3, 14 



Heboilers 

Hl-A, B, C, &2, R3, 



Remarks 

2 700 ou. ft* capacity 

Each tower contains 13 exchange sections 
each comprising of two bubble cap plates 
(to obtain counter- current contact of 
liquid and -sapor) and a catalyst bed (in 
which exchange reaction takes place)*. 
Besides the exchange sections each tower 
consists of a bottom section of bubble 
cap plates and a top section of boiling 
cap plates. 

Tl-A, B, C, 12, and T3 use l.llji Pt 
on charcoal base catalyst} and T4 uses 
85$ Ki - 15^ Cr 2 0g catalyst.. 

The towers vary in size as follows i 

Tl-A, a, C « 111' ll£ n high X 8»6 W I.D. 

12 s 108 1 #&" high X g» l.D. 

T3 s 07' 10| M high X 2~|» I.D. 

T4 s 97» Ig-" high X li« I.D. 

Provided at base of each tower so that 
part of water in tower can be converted 
into vapor which is added to the gases 
rising through the tower. Heboilers are 
used to control humidity of gas phase in 
the towers. 



Condensers 

Cl-A, B, C, C2, C3, C4 



Blowers 

Bl-A, B, C, B2, B3, B4 



Located at top of each exchange tower and 
used to condense out water vapor in off- 
gases. 

Heavy duty, double lobed impellers, rotary 
gas pump used to boost hydrogen gas up 
through tower. 



Gas Coolers (or Condensers) t Condense out entrained electrolyte from 

gases, H« and Og, generated from electro- 
lytic cells. Conventional tube and shell 
type cooler* 



Electrolytic Cells 

iitage 1 



2687 diaphragm type oells. If OH and K a 0S 
electrolyte, 15 to 21 electrodes per cell, 
10,000 amps. 
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Equipment Piece 



Remarks 



Stage 2 378 diaphragm type cells, KOH electrolyte, 

15 electrodes per cell, 
10,000 amps. 

Stage 3 94 diaphragm type cells, KOH electrolyte, 

15 electrodes per cell, 
10,000 amps. 

Stage 4 30 diaphragm type cells, KOH electrolyte, 

15 electrodes per cell, 
10,000 amps. 

Tk-1 2504 cu, ft. capacity feed tank for Stage 1. 

Tk-2 200 ou. ft* capacity feed tank for Stage 2, 

Tk-3 50 cu. ft. capacity feed tank for Stage 3. 

Tk-4 (includes two 33 cu. ft. capacity tanks) 

feed tank for Stage 4. 

TJc-5 64 cu. ft. oapaolty tank for Stage 4 

condensate (entrained electrolyte in gener- 
ated &£ and &2 ? rom Stage 4 cells and product 
Of Primary Plant)- 

El Prepares feed water for T2 from electrolyte 

condensate from gas coolers for Stage 1 cells* 
Swenson single-effect calandria type evapor- 
ator designed to produce 550 gal. per hr. 
of distilled water from » feed of S87.5 gal. 
per hr. of 0.6$ KOH solution.. 

E2 (includes one spare) Prepares feed water for T3 from eleotrolyte 

condensate from gas coolers for Stage 2 cells, 
single-effect, calandria type evaporator* 
Capacity s 150 gals/hr of distilled water 
from feed of 187.5 gals/hr of 0.5$ KOH 
solution. 

E3 Fropares feed tsater for T4 from eleotrolyte 

condensate from gas ooolers for Stage 5 oells. 
single-effect, calandria type evaporator* 
Capacity a 60 gals/hr of distilled water 

from feed of 62.5 gal/hr of 0.5t KOH solution. 

T5 ' Oxygen scrubbing tower used to remove 

water vapor from the oxygen stream from 
oells. The condensate may be returned to 
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Equipment Piece Reaarka 

T5 (oontinued) the Stage 1 or 2 operation* Tomer is 

6' I.D. Cu cylindrical 3hell, 36' 11 3/8" 
overall length, end contains 20 bubble 
oap plates. 
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TABLE B 

fcjcplanatory notes on equipment illustrated in Figure 2, Process Flow 

for Secondary Concentration plant i 



Equip. No. 

(See Att'd Drwg. ) Remarks 

¥k-l Feed preparation tank for cells 1 through 125. Has 

capacity of 8000 lbs. H«0* Receives approximately 
2140 lbs. visiter (2.2 to 2.4# V 2 0) per day from the 
Primary Plant. To this about 52 lbs* KOH is added 
in preparing the eleotrolyte for cells 1 to 125* 

Electrolytic 1 1000-ampere oelle with HI plated anodes and Fe 

Cells cathodes. Eos. 1 through 126 are for the initial 

feed to the secondary plant end concentrate the 
water from about 2.3$ DgO to about 16% DgO* 

Bos. 126 through 146 concentrate the water to 76# DgO* 

fios. 147 through 150 concentrate the water to 99.8$ 
D 2 0. 

Tk-2 Sump tank and carbonator for residue from cells 1 to 

125. Has a capacity of 1000 lbs* HgO. 

K-l Horisontal, gas-fired evaporator for the oarbonated 

residue (or rundown) f rom c ells 1 through 146^ ( 

C-l Condenser for K-l. 

Tk-5 Feed tank for cells 126 through 146. has oapacity 

of 3600 lbs. ilgO. 

Tk-4 Sump tank and carboxtabor for residue from c ells 126 

through 146. Ees « capacity of 450 lbs. HgO* 

Tk-5 Feed tank for cells 147 through 150. Has a oapaoity 

of 900 lbs. H 2 0. 

Tk-6 Sump tank and carbonator for residue from cells 146 

through ISO. Has a oapacity of 220 lbs. HgO. 

K2 horizontal, gas-fired evaporator for the carbonated 

residue from c ells 147 through 150. 

C-2 Stainless Steel condenser for K-2. 
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E fluip. Ho, 

'(See Atfd Drvg, ) 



Pemarks 



Tk-8 Product storage tank. Has a capacity of 1000 lbs, 

BgO. 

D-l a, b, c f Gaa dryers for gaseous mixture Hg f xK>g froza eel Is 

d, e 1 through 125, Paoked with solid KOH. 

SC-1 Gas burner and condenser for Hg ♦ |flg mixture from 

cells 1 to 125. fxcess Og is supplied for flushing 

the burners and eliminating nitrogen oxides from 
burned g^ts. 

Tk-7 Sump tank for burned gas condensate from BC-1. Has a 

capacity of 4000 lbs. HgO, Receives about 2000 lbs, 
HgO (o.7>» DgO) from BC-1 por day which is returned to 
the Primary Plant, 

D-2 Gas dryera for Ho ♦ fVOo from eel le 126 through 146, 

Paoked with solid KOH, 

BC-2 Gas burner and condenser for Hg ♦ Og mixture from 

cells 126 through 146, Condensate from BC-2 is fed 
into Tk-1 from *riier« it is charged to cells 1 through 
125. 

D-3 Gas dryer for H 2 ♦ ^Og from cells 147 through 160, 

Paoked with solid KOH. 

BC-S 2 gas burnersand condensers of stainless steel con- 

struction for Eg f |0g mixture from cells 147 
through 150. Condensate from BC-3 is fed into Tk-3 
from where it is charged to cells 126 through 146, 



App. A5.ll 



) 



To SMftrr* 
o« Ctri-uM, 




L'QUIO FLO*/ 
HVOf?06FM FLOW/ 
0XY6CN Fi.0*/ 



I J. 



ft 



Hz+^Oz Ffotf cells / To /ZS~ 4T 46-ZS CFM 



r 



Hz+-£Oz FROM CELL S IZ6> To /4€ /IT 7.4 CFM ->-| 



— Nz-r-fOe F/?OM CELLS /47TolSO AT /.S~CFA1-, f \ j 



C£US 
TO 

Co 



CfLtS 




ctus 


He- 




Ne. 


&r 




76 


To 




Te 


-ri- 




too 




0 PWMAFY PLANT P/POD- 

AT 2. 1 AO lbs /da.y 



-Tt — Ft 



TJr f 



oronrT 

TJtTJTTti 



CO,- - 



71c Z 



T*4 
^<y>- l 



_i 111:6 u 



Liquid PloW 



i 



I 



1 



I 
I 



1 1 



T 



BC-3 



SECONDARY 
PLANT PRODUCT 
AT 4-0 /bs/eta.y 
TGP/VO&UCT STILL 

Pan Forth?* PowricfiTioN 



Ik r 

T 

AT ZJ OC'b ' 



TO PRIMARY PIANT </ . 



PROCESS F/.OH/ FOR 
SECOA/O/iRy COA/C&VTRAT/OA/ 
PLANT- 
CM is HEAVY WATEf? OPK „ 




FROM PP/AsfA/r>Y PtAA/T 
(tfrAvy watc* cove = 2.3%) 



1 TV / 



I 



CELLS 



± 



) 



1 

I 



SUMP 
TW 



I 



-COe 



Gas 



TK-7 



K- I 



v — 



FtrED 




TAr 


-3 



CELLS 
lZE>Te 14 6 



Sum p 



— * 



Tr-4- 



To Put mar 
PLANT 



Comc. *-onS c /c> 



&4C 
0#V£K 



Bu/tMER. 



T 



CALL'S -f 

1 4-7 To 1 so 



1 



> 



1 U*- 6 



T 



K,C0 3 



L/Qu/O FLc>uJ 



f \ y\ f. m- im 




rtK>AL PKCfjUCT 



schematic diagram 

SECCNDAXV PltWT 
<r/W £ s" f/cti vy w/i -rr* 

T*r* 1 c , B.C. 



i. 3 



APFEHDIX A6 

DESCRIPTION OF THE DP POKT HFAVY IflATER DISTILLATION PLAHTS 

Du Pont plants located at tha Morgantown, Alabama and Wabash 
River Ordnanoa Work* provide for tha separation of heavy water by 
eontinuoui Yeouum distillation. The equipment at eaeh of tha sitae 
differe only in else, eaoh plant consisting essentially of an eight- 
stage oontinuoae distillation train in whleh ordinary water is 
stripped from the slightly less volatile heavy eater. The distil- 
lation plants eoneentrate the eater to about 90% DgO. The remain- 
ing separation takes plaoe in the du Pont Finishing Plant at Morgan- 
town by electrolysis (See App. A7). 

The following is a brief deserlption of the process flow for 
the distillation plant to accompany Figure I. Table A gives a brief 
explanation of the various pieoes of equipment. 

The first stage of the distillation train oonsists of a seriee 
of towers arranged in parallel in groups of five, one group at 
morgantown Ordnanoa Works, two at Alabama Ordnance Works, and three 
at Wabash River Ordnance Works. The feed to the distillation train 
is steam oondensate from the oalandriaa of the firat stage columns, 
and enters the eystem at the top of the 16* diameter towers in the 
firet at age units. The oondensate passes down through the tower 
and undergoes a vacuum distillation wherein the less volatile heavy 
water oontent becomes more concentrated in the liquid as it passes 

App. A6.1 
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down through the towers while the vapor depleted in heavy water pea- 
ses up and out the top of the towers. This vapor from the tops of 
the first stage units Is condensed in barometric condensers and 
diaoarded (except at Jforgantown Ordnance Works where it is used as 
maJce-up for the cooling water to the condensers). 

The concentrated material from the bottoms of eaoh of four of 
the groups of five first stage units, which are designated as 
straight away units, is drawn off at a predetermined rate and pumped 
into the line leading from the fifth unit (which is designated as the 
circulation unit)* The oonoent rated material from the bottom of the 
circulating unit and the straight away unlta is fed to the top of a 
single second stags unit at a rate approximately equal to the bollup 
of the latter* Distillate from the second stage unit is returned 
near the bottom of the first stage circulating unit at a point in 
the column having the same concentration. 

An alternative method of feeding the Second Stage Units with 
the First Stags tower oonoentrate is to feed the oonoent rated 
material from the bottoms of eaoh first stage unit directly to the 
top of the eeoond stags unit and distillate from the second stags 
la returned directly near the bottom of each first stage unit. 
In this latter alternative eaoh first stags unit is termed a 
circulatory unit (See Pig. 2). Wabash River Ordnance Works at 
present employs this method successfully » 
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The liquid leaving the bottom of the seoond stage is oonaen- 
trated to such an aztent that it is necessary to put it through 
an evaporation stop for the removal of dissolved solids* Condensate 
from the evaporators is fed to the top of the third stage oolumn* 

the third and succeeding stages at each aite are single 
columns whose aises are determined by the number of flrat stage units 
at the site, and at any given site the columns are progressively 
smaller as the concentration of heavy water increases through the 
system. In every stage the system is essentially the eamet feed 
to the stage is liquid from the base of the preceding stage and 
the vapor from the top of the stage is condensed and returns to 
near the bottom of the preceding stage* 

The product from the eighth stage ie pumped to a draw-off 

■ 

can eapeolally designed for this purpose* at scheduled intervals 
and quantities* A final evaporator is provided for removal of any 
solids remaining In the product. 
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TABLE A 



Explanatory Notes on Equipment illustrated in Figure I. 
Process Flow for Distillation Traim 



Equipment Piece 
A. First Stage t 



(1) Tower i 



(2) Calandriasi 



(3) Condensen 



(4) Pumps i 



(5) Feed Coolers t 



Kemarks 

Several Units in parallel make up first 
stage at each site* Units are headered 
in groups of five, each group supplying 
a seoond stage unit. There are 15 Units 
at Wabash Hiver Ordnance Works, 10 at 
Alabama Ordnance Works, and 5 at Morgan- 
town Ordnance Works. 

Each first stage unit tower is in two 
seotions so connected in series as to • 
function as a single fraotionating oolumn. 
The top, or feed, eection is 15 feet 
diameter X 100 feet high, and contains 
80 tunnel cap plates* The bottom section 
is 12 feet diameter X 106 feet high, and 
contains 90 bubble cap plates* 

Attached at bottom of 12 ft* seotion* 
Construction is of conventional shell 
and tube type. 

Each unit has a barometric condenser 
and a two-stage steam jet vaouum pump 
with barometric inter-eondenaer. 

All pumps in duplicate to insure oper- 
ating continuity* Pumps used to transfer 
steam condensate front c alandria, thru 
coolers, to top of 15 ft* tower section) 
to transfer liquid from bottom of 15 ft. to 
top of the 12 ft. section; to take liquid 
from base of 12 ft. seotion and deliver 
it to the second stage feed header.. 

(Not illustrated in Process Flow Diagram) 
Drip coolers provided to cool steam con- 
densate from the calandria to the correct 
feed temperature. 
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Remarks 



On* Second Stage Unit provided for eaoh 
group of five firat stage unite. 

Eaeh Seoond Stage Unit ia in two aeriea 
aeations functioning aa a single column* 
Top seeti on ia 10| ft. diameter X 83 ft. 
Tjjf in. high, and contain* 72 bubble cap 
pi ate a. The bottom aaotion ia 8 ft. 
diameter X 82 ft. 10| in. high, and con- 
tain* 83 bubble cap plates. 

Conventional aha 11 and tuba type attached 
to bottom of 8 ft. column. 

Conventional ahell and tube, mater cooled 
eondenaer uaed on eaoh Second Stage Unit. 
These condensers are of "falling film" 
type. In addition to the main condenser, 
two Hhjpoooled condensers are provided ta 
reduce vapor loceee to a minimum. 

(4) Ev»poratorc i Uaed to remove solid impurities from feed 

to Third Stage. Four parallel evaporator 
unite are provided at Wabash River Ordnance 
Works , three at Alabama Ordnance Works, and 
two at Morgantown Qrdnanoe Works. A ©on- 
denser is provided for eaeh evaporator 
with a aingle act ef refrigerated vent 
condensers for the group. The evaporatore 
are of auoh aiae that the total evaporation 
lead at any site ean be handled with one 
evaporator out of service. 

Third Stage i Third Stage at eaeh aita ia a aingle con- 

ventional bubble oap tower, with the usual 
auxiliaries*. 

(1) Tower i All towers have 71 active bubble cap plates 

and one spray catehing plate. 
Tower diameters vary at different sites aa 
follows t 

f>h ft. diameter at Wabash Hirer Ordnanoe Works 
4a ft. diameter at Alabama Ordmnoe Worke 
s£ ft. diameter at lforgantown Ordnanoe Works 



Equipment Pieoe 
Seoond Stage | 

(l) fowen 



(2) Calandriai 

(3) Condcnseri 
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Equipment Piece 

(2) Calandriasi 

(3) CondecBersi 



Remarks 

shell and tube, steam heated, similar 
in type to those on previous stages. 

essentially similar to system used 
on stage two* 



D. Fourth, Fifth, Sixth , essentially similar in arrangement 
Seventh & Eighth with that of stage three. Sizes 

Stages i vary as follows j 



(1) Fourth Stage 
Tower t 



(2) Fifth, Sixth, 
Seventh and 
Eighth t 



E* Final Evaporator i 



2g ft. diameter end 72 bubble cap 
plates at Wabash River Ordnance Works j 
2 ft* diameter and 72 plates at Alabama 
Ordnanoe Works; and lk ft. diameter and 
paoked with 6/8" X 6/8" oeramio rings 
at Morgantown Ordnance Works. 

1§- ft. diameter X 72 ft. high, packed, 
at Wabash River Ordnance ¥.orks ; 16" 
diameter X 72* high, packed, at Alabama 
Ordnanoe Works, and 10" diameter X 72* 
high, packed, at Morgantown Ordnance 
Works. 

Patterson steam jacketed kettle, for 
removal of solid impurities from dis- 
tillation train product*. 
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APPENDIX A7 

DESCRIPTION OF TIT DU POM' HFAVY VYATFh FINISHING PLANT 

The du Pont Heavy Water Finishing Plant v<as designod to process 
9600 lbs (1150 gal.) of material containing 50$ Heavy Water per month. 
The present operations call for the processing of £300 to 2400 lbs* of 
90# heavy water per months The current production efficiency of the 
Finishing Plant ranges between 96 and 98%, 

The following is a brief description of the process flow for the 
Finishing Plant to aocorapany Figures 1 and 2. Table H A N describes the 
various pieces of equipment. 

The incoming product (90?S heavy water) from the 8th stage tower 
of the distillation train is fed into Tk-l from where it is pumped to 
Tk-2, the head tank for the initial evaporation in the Dopp Settle, K«l« 

The vapor from K-l is condensed in C-l and the condensate is moved to 

# 

Tk-3 where it is mixed with ftgCOg to form the eleotrolyte (7-l/2$ by 
wt K2CO3) for cells 33 to 48. The gases (2H 2 ♦ Og) from the cell eleo- 
trodes pass through the liquid-gas separators S-l and S-2 and the NH3 
coolers. The gaseous mixture is then burned in excess Og. (to recombine 
Hg and 0% to give HgO) and condensed in C-3. The condensate from the 
burned gases is then moved to the cut tanks where it is held aooording 
to concentration (See Cut tanks. Table A). Before the condensate is 
added to the cut tanks, 20$ K2CO3 is added in order to neutralise any 
aoid (eg HHOg formed by oxidation of any of Ng whioh might be present) 
and thus prevent oorrosion in cut tanks. 
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After the concentration of the condensate from the burned gases 
reaches 99.4^ heavy water (at which time the oell residue is at least 
99.8?? heavy water), the oell residue from oells 53 to 48 is drawn off 
into Tk-4 from where it is pumped to K-2, by way of Tk-5, for final 
evaporation* The K-2 vapor is condensed in C-2 and the condensate 
cooled. At this point a conductivity control test is made, and if 
the conductivity is within limits, the liquid is dropped into the 
product tanks* 

The liquid from the liquid-gas separators, 8-1 through 4, and the 
liquid from the explosion traps, Tks 13 * 14, are added to the oarbonata 
mixing tank Tk-9, or to the out tanks, by way of Tk-8. The eleotrolyte 
for oells 11 to 32 is prepared in Tk-9 and, prior to the K£C(femixing, 
ranges in concentration from 5 to B0% heavy water. Ths gases from cells 
11 to 32 ara separated from liquid entrai lament (S-3 & S-4), cooled, burned 
and condensed (C-4) in the same manner as are the more oonoentrated gases 
from oells 33 to 48. The condensate from C-4 is neutralized with KjCOj 
and placed in the out tanks according to concentration.. 

The cut tanks feed the electrolyte oells by way of the carbonate 
mixing Tks 3 and 9. Tks 7b through 7f are used for cells 11 to 32. Tks 
7g and 7h are used for oells 33 to 48. Tk 7a is used to store material 
of concentration less than 6% whioh to date has not undergone further 
treatment. 
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TABLE A 

Explanatory notes on Equipment illustrated in Figure No. l t Process 
Flow Diagram of Finishing Plant » 

Equip. No. 

(See Att'd Drwg.) Remarks 

Tk-1 20-gal. hold tank from whioh feed is pumped 

to K-l head tank* Neoessary inasmuch as 
distillation train product container could 
not withstand pressure resultant of this 
pumping operation direct from the container* 

Tk-2 100-gal. head tank for K-l. 

K-l 50-gal. Dopp Kettle for initial evaporation 

to eliminate solid impurities whioh are dis- 
charged to sewer. 

C-l Condenser for K-l. Consists of Stainless 

Steel coil immersed in cooling water. 

Tk-3 200-gal. KgCOj mixing tank used to prepare 

electrolyte for cells 33 to 46. 

Tk-9 1 50-gal. ^COg mixing tank used to prepare 

electrolyte for cells 11 to 32. 

Electrolytic Capacity per cell is 15 gal. 

Cells Each cell comprised of a Hi anode and Fe 

cathode. 

Cells 11 to 32 are used for concentrations 
less than 80% heavy water (22 cells now in opr.) 
and oells S3 to 43 are used for concentrations 
greater than 80% heavy water (10 oells in opr.) 
Cells 49 to 64 ere fed with normal water end 
serve as a ballast to maintain or exceed the mini* 
mum load requirements on the rectifier.. 

Tk-4 500-gal. oell residue receiver for final product 

concentrations. 

Tk-5 350-gal. head tank for final evaporation.Tk-5 

was previously used as a carbonating tank when 
KQH was used as the eleotrolyte. 

K-2 30 gal. Dopp Kettle evaporator. 
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Ejulp. Mb. 

(See Att^cT Drwg.) 



Remarks 



S-1 
3-2 
S-S 

I > 

S-4 

Igniters 

C-3 

C-4 

Cut Tks 
7a to 7h 



Condenser for K-2. Is backward return type 
(i.e. Condensate leaves condenser at boiling 
temp * ) 

Used to check purity of final distillate 
wherein conductivity is indicative of 
product contamination*. 

100 gal* stainless steel product tanks* 



thus reach pH specifications (pK specifications 
for product s 6.0 to 6*6) 

Liquid-gas separator before HH, cooler 
(cells 53 to 48) 

Liquid-gas separator after BE- cooler 
(cells 33 to 48) 

Liquid-gas separator before HBg cooler 
(oells 11 to 32) 



Liquid-gas separator after NH5 cooler 
(cells 11 to 32) 

Oases (2H2 ♦ Og) are burned with slight 
excess to give HgO). 

Condenser for Ignited gases from cells 
33 to 48- 

Condenser for ignited gases from cells 
11 to 32. 

Used to hold water of varying oonoentrations 
whioh must undergo further electrolysis 
(exception 7a) 

(7a) 800-gal. tk* for oono* of 0 to 5/» and 
used to store water which does not 
warrant further process at present time* 
(7b) 300-gal. tk for cono. 6 to 10$ 
(7o) 300-gal. tk for oono. 10 to Z0% 
(7d) 150-gal. tk for cono. 20 to 40% 
(7e) 150-gal. tk for cone. 40 to 60ft 
(7f) 100-gal. tk for cono. GO to 8O7S 
(7g) 100-gal. tk for cone* 80 to 96# 
(7hj 100-gal. tk for oono. 95 to 99. 4# 
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sweep out COg and 




Equip, No. 

(See Att'd Drwg.) 



Remarks 



Tk-8 SO-g&lt oell header drainage tank. From 

Tk-8 the material moves to the cut tanks. 

Tks, 11, 12 60-gal. hold tanks for liquid from liquid- 

gas separators 8-1, 3-2, 3-3, S-4*. 
From Tks 11 and 12 the liquids move to the 
out tajiks via Tk-8. 

Tks. IS, 14 7£>-gal. tanks which serve as explosion traps, 

Liquid collected in these traps moves to out 
tanks. 

Tk. 10 350-gal. auxiliary storage tank* 
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PHOTOGRAPHS 



Bl. Trail Plant 

(Bl-1 to Bl-29 inclusive, 17 pages) 

B2. Plant at Morgantown Ordnance Works 

(B2-1 to B2-9 inclusive, 9 pages) 

B3. Plant at Wabash River Ordnance Works 

(B3-1 to B3-5 inclusive, S pages) 

B4. Plant at Alabama Ordnance Works 

(B4-1 to B4-14 inclusive, 7 pages) 
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31"! Booster Room From West (8 November 1943) 



C 



Bl-2 Booster Room Operating Panel From East 
(8 riovember 1943) 



App Bl.l 



/ 

31-3 Pumpp in Evaporator Building (15 April 1943) 

/ 

■7 
fA 



Bl-4 Primary Plant Evaporator Boom from S. W. (13 Hot* 1943) 

C 
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31-S Prlsary 



Plant Evaporator Room from Hi ft. (13 Sot. 1943) 
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31-6 Primary Towers from South (13 October 1943) 



31-7 Primary Towers from North (13 October 1943) 
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31-8 "xohanf;« Towera - Iround Floor - South Side from East 

(13 October 1943) 
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a 1-9 Exchange Tower* - North oiJe from est (13 Ootober 1943) 



31-10 Sjceliang* Toweri - Nortlt Sid« - 3rd Floor from iVeat 

(13 Ootober 1943) 
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31-11 "xohange Towers - Iforth 3id« - 5th Floor from East 

(13 Ootobor 1943) 



31-12 '"xoban^a row or » - Ilorth dida - Top Floor from East 

(13 Ootobor 1943) 
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31-13 Fjcohange Tower Condenser - oouth JicUi from Sast 

(13 October 1943) 



iJl-14 Primary Tower 2nd S'loor - South Sldm from fleet 
(13 October 1343) 
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31-15 CJenaral Sxterlor frora !T. 7T. 
(3 Ifovomber 1943) 
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31-16 Secondary Plant Ganarator Room, from I* 
(8 floTobar 194ft) 



Bl-17 Saoondary Call Rooa from 8. ff. 
(8 Horaabar 194ft) 



0CQIUJ7/ 
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Bl-18 Secondary Cell Room from 3. if* 
(3 Novembar 1943) 



31-19 Marloy Cooling lower from H. Jf. 
(19 May 1943) 
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31-20 Float in Dole's Continuous Analyser 
(13 February 1943) 
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31-21 Float - Dola Apparatus 

(10 January 1S44) 



31-22 Tungsten Decomposition Apparatus 
(10 January 1944) 
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1-23 Dols Apparatus 

(10 January 1944) 



31-24 Sleotrolytio Apparatus for Preparation of 100^ P- 

(10 January 1944) 
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31-25 Falling Drop Apparatus 
(10 January 1944) 



31-26 Pyononatera 

(10 January 1944) 
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81-37 Mass Spa otroma tars 
(10 January 1944) 



31-28 Towar T-5 Oxygan Strippar from South 
(13 October 1945) 
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31-29 3oil«r Plant 

(15 April 1343) 
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B2-1 Distillation Tow»rs 
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32-8 Distillation Tomr* 
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32-S Distillation Town and ProoeM Pump and Control Building 
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32-4 Right King, Change liouaa, Offioa und Laboratory 
Building * 
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JJ2-5 Left Wing* Chang* Housa, Office and Laboratory 
Building 



App«, 32.5 
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32-6 Product Storag* Building 



1 
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32-8 ttniahing (Electrolytic) Building 
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B2-9 Steam Supply Low Pressure Boiler Hous» 




1 




B5-1 Distillation Towers (October 1943) 
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15-2 Prooeaa Pump and Control Building, and Diatill it ion 
Towort (October 1945) 
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BS-9 Chang* House, Offloa and Laboratory Building 

(October 1943) 
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BS-4 Ranney TTator Collector Tell 
(October 1943) 
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Addition to Steam Power House 
(in right foreground as indicated) 
(October 1943) 
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B4-1 Distillation Town (July 1943) 



B4-2 Interior of Distillation Toner, during construction 
(Juno 1949) 



App. B4.1 



I 



B4-3 Fabrication of Interior Bubble Cap Plato Seotioai 
for DUtillation Towere (May 1948) 



B4-4 Fabrication of Interior Bubble Cap Plate Section* 
for Distillation Towers (May 1945) 
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B4-S Fabrioation of Interior Bubble Cap Plate Section* 
for Di«ti llation lonri (May 1943) 



34-6 Top Section of Distillation Tower {May 1843) 

( 




B4-7 Distillation To war a, from one aid* (Horembsr 1943) 



B4-8 Distillation Toners, from near one and 
(Horenber 1945) 
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B4-9 Prooosa Pump and Control Building (July 1943) 



■ 

t B4-10 Proeesi Pump and Control Building (November 1943) 



w 
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34-11 Change Houee, Offioe and Laboratory Building 

( November 1943) 



B4-12 Produo t Storage Building (November 1943) 
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B4-13 Area Qata and Guard House (November 1943) 



B4-14 Warehouse or Shop (November 1943} 
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LISTS OF SPECIAL DOCPffi'ETS 

Cl. Technical Reports. MFD Research Control Seotion File. 
C2. Contracts* KED Classified Contraot Piles. 
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APPENDIX CI 



TFCHMICAL KFPORTS 



(Filed in MED Reaearoh Control Seotion File) 



Report 
Number 



Subject 



Date 



A- 102 Hydrogen- Exohange Reaction on 
Metal Catalysts. 

A-104 The Calculation of the Performance 
of Exohange Columns for the Separa- 
tion of Hydrogen Isotopes 

A-1J.B Catalysts for the Production of 

Heavy Water by Means of the Hydrogen 
Water Exchange Reaotion. 

A-144 Theoretical Values of Equilibrium 

Constants for Deuterium Exohange Re- 
actions Involving Hydrogen ft Water* 

A-160 Third Progress Report on the Hydro- 
gen-Water Vapor Exohange Reaotion on 
Metal Catalysts, 

A- 26 8 Sixth Progress Report on the Hydro- 
gen-ftater Vapor Exohange Reaotion on 
Metal Catalysts. 

A-299 Seoond Report on Catalysts for the 
Production of Heavy Water by Means 
of the Hydrogen-Water Exohange 
Reactions 



A-316 Reliability of Catalyst Testing 
Prooedures at Columbia. 

A-327 Calculation of the Performanoe of 

Exohange Tower in the Production of 
Heavy Water. 

A-559 Continuous Deuterium Analysis. 



H. S. Taylor 

G. G.- Joris 

G. E. Kimball 



A. V. Or 



osse 



Undated 

24 Jan 1942 

15 Jan 1942 



0. E. Kimball 7 
Iff. H. Stookmayer 



1942 



E. S. Taylor 



0. 0. Joris 
H. S. Taylor 



17 Apr 1'942 



27 Aug 1942 



J. E. Ahlberg Undated 
C. F. fliskey 
J. R. Huffman 
E. H. Taylor 
A. V. Gross* 

R. H. Crist 



H. C Carlson 
J. 0- Maloney 



25 Sep 1942 



7 Oct 1942 



Malcolm Dole 
it. L. Burvell,Jr. 
R. J. Voskuyl 
W. F. Roake 



4 Nov 1942 



Cl.l 



Report 
Number 



Subject 



A-361 Columbia Mass Spectromoters, 



A-364 Theoretioal Values of Equilibrium 

Constants for Deuterium Exchange Re- 
actions Involving Hydrogen Sulfide* 

A-393 The Concentration of Deuterium by 

the S-Process. Fundamental Princi- 
plea and Basis of Calculations. 

A-394 Final Report Under Contraot No. 

OEMsr-776 for the Production of 
EDO Water by the Direct Method. 

A-398 Memorandum on Life Tests Con- 
ducted on Baker Pt-Charooal 
Catalysts* 

i 

A- 3 99 Gyclohexane-Bensene-Hydrogen 

as a Possible System for the Con- 
centration of Deuterium* 



Date 



H. M. Eelley 27 Oct 1942 

D. S. HcClure 

C. E. Herrick, Jr. 

Iff. H. Stockoayer 29 Oct 1942 
H. Jaoobson 



J. S. Spevaok 3 Deo 1942 



M. a. Amiok 



4 Deo 1942 



H. 3. Taylor 5 Deo 1942 



H. S. Taylor 6 Deo 1942 
0. 0. Jorie 



A- 400 Progress Report on the Experimental 
Determination of the Equilibrium 
Constant for the Reaotlon between 
Deuterium Oxide and Hydrogen Sulfide. 

A- 401 Memorandum on Testing Program for 

Platinum-Charcoal Catalysts Prepared 
by Baker & Co. for use at Ho. 9 Pro- 
jeot. Trail, B. C. 

A- 501 Contains following reports relative 
to Project Ho. 9. 

a. Progress Report of Thermal Studies 
~~ at the Ohio State University. 

(Columbia Serial Ho. 100XR-18) 

b. Monthly Report on the D Prooess. 
" (Columbia Serial Ho. 3R-21) 

i 

e. Monthly Report on the ft Prooess. 
~ (Columbia Serial Bo. 3R-25). 



H. S. Taylor 4 Dec 1942 



H. S. Taylor 5 Deo 1942 



14 Jan 1943 



B. L. Johnston 9 Jan 1943 



J. R. Huffman 7 Jan 1943 



J. R. Huffman 7 Jan 1943 



CI. 2 



Report 

Number Subject By Date 

d. Catalysts for Water-Hydrogen and H. B. Arnold 9 Jan 1945 
~" Ammonia-Hydrogen Exchange. (Colum- 
bia Serial Ho. 2A-R-4). 

a. Progreaa Report Ho. 8. Propertiea 0. U. Webb 8 Jan 1945 

"~ of Teat Batohea of Produot 80 » 
(Columbia Serial Ho. lOOJR-26). 

f. Progress Report of the Chemioal R. H. Criat 7 Jan 1945 

*~ Research Group 9 Deo 1942 to 9 Jan 

1945. The Separation of Deuterium. 

(Columbia Serial Ho. 2B R-5). 

£• Eigith Progreaa Report on the Hydro- 9. 0. Joria 7 Jan 1945 
gen- Rater Vapor Ezohange on Metal 
Catalyata. (Columbia Serial Ho. 100X 
R-26). 

h. Progreaa Report on Dual Temperature J. H. Chap in 8 Jan 1945 
*~ Sya terns. (Columbia Serial Ho. SR-23) 

• 

i» progreas Report. Catalyst-Poison- CP. Hiakey 6 Jan 1945 
— ing Experiments. Five Stage Catalyst 

Column and Electrolytic Cell Pilot 

Plant. (Columbia Serial Ho. 3A-R-5). 

J_. Progreas Report of Disposal and Da- A. 0. C. Hier 7 Jan 1945 
velopment of Spectrometer a. (Colum- 
bia Serial Ho. 100XR-21). 

A-610 The H Prooeaa. 0. F» Quinn 4 Jan 1945 

A-61S Equilibrium Constant, HDO ♦ HgS, H. S. Taylor 16 Jan 1945 

A-614 Progreas Report for December, 1942 Q. M. Webb 19 Jan 1945 

on Preparation of 4th Pilot Plant 
Baton (Universal Oil Produot a Co.) 
and Tranamittal Letter. 

A-626 E. I. du Pont de Hemoure Co. Monthly W. S. Caloott 9 Mar 1948 
Report, Jaokaon Laboratory. 

A-627 Final Report on Ifork Done Under Maloolm Dole 1 Feb 1945 

Extension of Contraot Ho. OEMsr-482. L. P. Saxer 
Deuterium Content of Some Water 
Samples. 

A-626 Progress Report by Engineering C. F. Hiskey 12 Feb 1945 

Laboratory. 



C1.5 



Report 
Number 



Subject 



By 



Date 



A-632 Ninth Progress Iteport on Hydro- 
gen- Vteter Exchange Reaction on 
Metal Catalysts* 

A-534 Progress Report Ho, 4 on Manu- 
facture of Product So. 80 for Proj- 
ect So* 9. 



E. S. Taylor 12 Feb 1943 



0. II. Webb 



13 Feb 1945 



A-637 Monthly Progress Report, Chemistry 
Division, Deuterium Separation- 
Dual Temperature Systems. 

A-639 Catalysts for Water-Hydrogen and 

Ammonia Hydrogen Exchange. Progress 
Report from 9 January to 16 Febru- 
ary 1943. 

A-641 The S Plant. 

A-644 The IV Process, Monthly Report* Con- 
struction of Plants by du Pont Co* 
for Production of Heavy Water by the 
Distillation of Vmter. 

A-545 The Operation of a Glass Five Stage 
Catalytic Heavy Water-Hydrogen 
Exohange Tower. 

A-643 Effeot of Risons on Products Ho. 
43 and Ho. 80. Report Ho. 1. 

A-649 The Effeot of Temperature on the 
llurphree Plate Efficiency for the 
D Exchange between Water and Hy- 
drogen Sulfide. 

A-553 Report Ho. 2 on the Operation of a 
Glass Five Stage Catalytic Heavy 
Vl!a tor Exohange Towerj The Effect of 
Super-Heat. 

A-656 The ff Process i Literature Survey 
on thft Fractionation Factor. 



R. H. Crist 



13 Feb 1943 



H. R. Arnold 15 Feb 1943 



J. H. Chapin 17 Feb 1943 
G. F. quinn 

J. S. Huffman 11 Feb 1943 



If. L. Eidinoff 
E* V. Sayre 
C. F. Hie key 

C. F. His key 
H. L. Eidinoff 



16 Feb 1943 



20 Apr 1943 



«f. 8. Spevaok 24 Feb 1943 
J. R. Huffman 



U. L. Eidinoff 8 Iter 1943 
E. V. Sayre 
C. F. Hiskey 



J. R. Huffman 9 Mar 1943 



A- 6 69 The Use of A Separating Agent in the 
Extra ot ion or Distillation of EDO 
from H£0 Apparent Increase. 



A. P. Colburn 16 Feb 1943 



C1.4 



Report 
dumber 

A-6G0 



A-562 



A-56S 



A-664 



A-666 



A-676 



Sub jeot 

S Process, Revision of Five Ton Per 
Month Plant Design. 

Progress Report by Engineering 
Laboratory. 

Pr ogres • Report by Engineering 
Laboratory* 

Hydrogen Ezohange. Progress 
Report 16 February to 15 March, 
1943* 

The Separation of Deuterium. Progress 
Report on the Chemioal Research 
Group 2 B * 10 February to 11 March 
1943. 

Analysis for Deuterium in Water by 
Equilibration with Hydrogen. 



*3L 



¥» B. Brown 



Date 



J. H. Chapln 9 liar 1943 



C. F. His key 12 Mar 1943 



C. F. Hiskey 12 Mar 1943 



H. R. Arnold 16 Mar 1943 



J. 8. Smith 

C. A. Hutchison 

CM. Judson 



12 Mar 1943 



28 Apr 1943 



A-579 S Proaessi Comparison of Five 
Ton Per Month Plant Designs. 

A-682 S Prooeas Data - Temperature 

Coeffioient of Exohange Constant 
for the Hydrogen Sulfide - fitter 
System. 

A-683 Report So. 6 on the Operation of 
a Glass Five Stage Catalytio Heavy 
Water • Hydrogen Exohange Tower i 
A study of Operation in the 60° 
Temperature Range. 

A-688 M. I. T. Monthly Progress Report 
for April on WX Prooess. 

A- 68 9 Tenth Progress Report on the 
HyJrogen* Water Vapor Exohange 
on Metal Catalysts. 

A-590 Pro Jeot Ho. 9 - Catalysts for 

ttater-IIytfrqgen Exohange. Monthly 
Progress Report 15 Maroh to 16 
April 1943. 



J. H. Chapin 6 Apr 1948 
(J. E, Quinn 

D. S. MoClure 8 Apr 1943 
C. E. Herriok ( Jr> 



M. L. Eldinoff 6 Apr 1948 
E. V. Sayre 
C. F. Hiskey 



(too. Soatohard 18 Apr 1943 



H. S. Taylor 14 Apr 1943 



H. R. Arnold 



CI. 6 



Report 
h'umbor 

A-5S1 



A-695 

A-697 
A-698 
A-608 



A- 707 
A-714 

A- 716 



A- 716 



A-718 



A- 722 
A- 723 



Subject 

The Separation of Deuterium, 12 
March to 14 April 1943* 

Vapor Liquid Equilibrium Data for 
the System H2O-HDO in the Bang* of 
Two Uol Peroent HDO. 

S-Prooens, Temperature and Pressure 
vs. Efficiency. 

M. X.T. Monthly Report for May on 
TOL Process. 



By 



F. B. Brown 



P. W. Schutc 



J* S. Spevaok 
E. J. Orabowski 

Geo. Soatohard 



Date 



Report #1* Operation of Experimental 
Cells Hb ■ 1 and No. 2 for Secondary 
Concentration* 

Report #2. Electrical Tests During 
a Period of Operation of the Secondary A* P. Blake 
Pilot Plant. (Trail) 



J. M. Douglas 
J. M. Douglas 



Columbia Monthly Report for Product 9» R. H. Crlat 



Effect of Poisons on Products Bo. 
43 and No. 80. 



Report No. 4 (Final) on Operation 
of a Ola as Five Stage Catalytic 
Heavy Water-Hydrogen Exchange 
Tower 1 Perform nee Using Produot 
Ho. 80. 

A Review of Research and Develop- 
ment of the Dual Temperature Pro- 
cess for Concentrating Deuterium.. 

Qlasa Unit S-Process. The Oper- 
ation of a Dual- Temperature Single 
Stage Tower for Deuterium Concen- 
tration. 

Analysis of Low Deuterium neater 
by the Maaa Spectrometer.. 

Analysia of Heavy Water on the 
Interferometer. 



C. P. Hiskey 
R. X. Xlebanow 
S. Stelngiser 

C. F. Hiskey 
A. Teller ' 



12 Apr 1943 

17 Apr 1943 
12 May 1943 
11 Nov 1942 
2 Dee 1942 

16 May 1943 
7 June 1943 

1 June 1943 



M. L. Eidinoff 
C. F. Hiskey 



M. L. Eidinoff 
C. F. Hiskey 



B. fteinstook 



I. Elrahenbaum 



29 June 1948 
28 May 1943 

21 May 1943 

Aug 1942 



Cl*6 



Report 
Number 



Subjeot 



By 



Date 



A- 724 Comparison of the Columbia 

Spectrometer and Interferometer. 

A- 726 Equilibrium Constant for the 
Reaotion HD * ilgO^HDO f Hg. 



A- 727 Measurement of Density Differ- 
ences with the Temperature Con- 
trolled Float. 

A- 733 M.I.T. Monthly Report for June 
on WX Process • 

A- 73 6 Summary Report of Complete 

Isotopio Analysis of Pure Product 

A- 741 Produotion of HDO Water by 
Hydrogen Sulfide Method. 

A- 7 45 RX Process 



A- 764 Exohange of Deuterium Between 
Mereaptana and vater. 

A- 756 The Density of Heavy Water. 

A-758 Phyeioal Properties of 
Heavy Water. 

A- 759 Pinal Report on the IX Process. 

A-760 Final Report on Catalysts for the 
Production of Heavy Water by the 
Hydrogen-Water Exchange for the 
Period 1 September 1942 to 31 July 
1943. 



C. E. Herriek,Jr. Aug 1942 
I. Kirshenbaum 



F. 6. Brown Aug 1942 

I. Kirshenbaum 
C. E. Herriok,Jr. 



R. J. Voskuyl 
Herbert Davis 
L. P. Saxer 



6 June 1943 



Geo. Soatohard 14 June 1943 



R. H. Crist 



M. G. Amiok 



18 June 1943 



5 Deo 1942 



C. A. Hutchison 1 July 1943 
A. M. Lyon 

C. A. Hutchison 9 July 1943 
Daniel Sillies 

I. Kirshenbaum 14 July 1943 



X. Kirshenbaum 23 Aug 1943 
Geo. Scatohard 27 July 1943 



H. R. Arnold 
J. E. Ahlberg 
A. de Bethune 
H. C. Henoken 
H. Kwart 
E. H. Taylor 



31 July 1943 



A- 765 The Equilibrium Constant for the 
Exchange i NBg 4 HD «- NHgD 4 Hg. 



C. E. Horriok.Jr. 30 July 1943 
h. Sfibi 



CI. 7 



Report 
Number 



Subject 



A- 778 Mechanical Teste and Mechanical 
Properties. 

A-797 Final Report Under Contraot 
QEMsr-149. 

Mass Spectrometer Development* 

A- 1201 Calculation of Hydrogen Isotopio 
Composition in Water. 

A-1206 The TO. Process. 



A- 1208 Analysis of later in the Normal 
Range* 

A- 12 14 Supplemental Final Report on 
Product No. 80 for Projeot 9. 



A-1222 Analysis of Mter Samples by 
Equilibration. 

A-12SS Equilibration Method. 



A- 1238 Report on Surrey of Operations 

in Connection with the Production 
of Heavy Water by the Consolidated 
Mining and Smelting Co.* Trail, B. C* 

A-1916 Final Report Under Contraot No. 

IK- 7412 eng-68 for Manufacture of 
P-9 by the VOL Process} Laboratory 
and Semi-Works Tests of Triethylamine 
in solvent Extraction. 

A-1933 Final Report on Contracts OEMar-106* 
OEMsr-107, OEMsr-192, OEMsr-412, 
and Associated Sub-Contracts. 



C. Beck 

C. J. Craven 

A.O. C. Nier 



Date 
16 Aug 1943 

20 Oct 1943 



R. J. Voskuyl 2 Sept 1943 



Geo. Soatohard 3 Sept 1943 
C. A. Hutchison 

M. 0. Inghram 6 Oot 1943 
H.A. Chase 

J. E. Ahlberg 6 Nov 1943 

T. S. Blair 

A. J* de ^ethune 



R. H. Crist 



R. H. Crist 
I. Kirshenbaum 

6. 0. Joris 



23 Feb 1943 



9 Jan 1944 



25 Jan 1944 



n. P. Bebbington 15 Deo 1943 



H. C. Urey 



28 Feb 1944 



M-18 TeBt on Z.C.I. Catalyst 



A. J. de Bethune 6 May 1943 



M-19 Letter to C. H. fright, re: R. H. Crist 25 May 1943 

Abunuacce of Deuterium in Lake 
Michigan and Tn.il Aater & CM&S 
Coke Ammonia Hydrogen. 



CI. 8 



Report 
Number 



Subject 



By 



Date 



11-31 

M-35 
11-49 
M-G8 
M-92 

14-109 
M-lll 

M-112 

M-114 
14-122 

M-150 

M-1S1 
14-136 

14-145 
14-160 



Determination of Deuterium 
Oxide in Water by the Falling 
Drop Method* 

The Hydrogen Isotopes Thermodynamic 
Properties of their compounds * 



Mm u. bright 



T. Q. Fox 



Complete Isotopio Analysis of Special R. J* Voakuyl 
Water Samples* 

Bibliography - Information Service - S. 14. Feldman 
Report Library* 



Letter to F* H* Pine (Harshaw) Ret 
Conference in Clevelandi Calcination 
4b Reduction of Dry. Dncaloined Powder* 

Analysis #4 on Check System - Mass 
Spectrometer Standards* 

Report #S on Check System - Mass 
Spectrometer Methods* 

Report #6 on Check System - Mass 
Spectrometer Standards* 

Report fQ on Check System. 



H. fi» Arnold 

R* J. Voskuyl 
R. J. Voakuyl 
R. J* Voskuyl 
R. J. Voskuyl 



Teohnioal Progress Report* Period H. C* Urey 
1-16 August. 1945 1 P-9 Production R. fi. Crist 
and Analysis* 1 



15 June 1945 

Sept 1942 
15 June 1945 
28 July 1945 
25 July 1943 

20 July 1945 

27 July 1943 

2 Aug 1943 

16 Aug 1943 
18 Aug 1943 



Report #9 on Check System - Mass 
Spectrometer Standards for Period 

14 August to 21 August 1945* 

Analysis of Pure Product by the 
Float. 

Report #10 on Check System - Mass 
Spectrometer Standards* Period 
21 Auf-ust to 3L August 1945. 

P-9 Production and Analysis, 31- 

Weekly Report for the Period 

15 - 51 August 1945. 

P-9 Production and Analysis. Report 
for the Period 1-16 September 1943* 



R. J. Voskuyl 24 Aug 1943 



R. J. Voskuyl 



H. A. Chase 



fl. C. Urey 
R. H. Crist 



U. C. Urey 
R. U. Crist 



12 Aug 1943 
1 Sept 1943 

4 Sept 1945 

20 Sept 1943 



CI. 9 




DCOEET 



Report 
Humber 

M-166 



M-179 

M-527 
M-E2B 
M-631 
M-633 

M-829 

M-1169 
S-68 



S-78 



S-85 



S-87 



S-90 



Subjoot 

Memo on Conference at ?-i Islington* 
Relative to Possible Research on the 
Production of Heavy Water. 

F-9 Production and Analysis, Bi- 
weekly Report for the Period 16 - SO 
September 1943. 

Informal Report, Analytical Labor- 
atory at Trail. 

Memorandum to H. C. Urey, Analysis 
of Special Eater Sample. 

Narrative Report on four Projects — 
K-26, Vitamin B, F-C and P-9. 



Standard Oil Development - Summarising 
Report to OSRD Covering Work on Project 
Jfo. 9, including attachments A. B. C. 

narrative Report, Research and Develop—" 
merit . 



H. C. Urey 



H. C. Urey 
R. H. Crist 



R. J. Yoskuyl 
R. J. Voskuyl 



Date 
9 Sept 1943 

5 Oct 1943 

9 Sept 1948 
2 July 1943 
2 Deb 1943 
12 Aug 1943 

1 lfar 1944 



Analysis of Water for Deuterium 



I. Kir she nba urn 7 Sept 1944 



memorandum to Dr. L. J. Briggs on t. H. Chilton 

Recommendations Concerning the Pro- H. S. Taylor 
duotlon of Heavy VJater by Electrolysis H. C. Urey 
at Trail, 3. C, Plant of the Consoli- 
dated Mining and Smelting Co. of Canada, 
Ltd. 

The Separation of Deuterium by the 
Distillation of Liquid tydrogen - 
Supplementary Memorandum. 



21 Sept 1942 



Determination of the Isotopio 
Composition of Rater vith the Zeiss 
Lab. Interferometer. 

Fourth Progress Report Centrifugal 
Separation. Progress for month of 
September 1942. 

Engineering Division - Monthly 
Report on Fractionation of Liquid 
Hydrogen. 



G. H. balden, Jr. 29 June 1942 



Z. G. Deutsoh 
E. W. Thiele 
R. Rosen 



14 Oct 1942 



J. R. Huffman 11 Sov 1942 



CX. 10 



Report 

Burnt) or 

5-92 



S-97 



S-lOO 



S-101 



S-108 



S-117 



S-124 



Subjeot 

Fifth Progress Report Centrifugal 
Separation. Progress for Month 
of October 1942. 

Final Report on the Concentration 
of Deuterium Oxide by Catalytic 
Exehange at High Pressures. 

Pressure Drops Through Catalyst 
S0-11-BC. 

Sixth Progress Report * Centrifugal 
Separation. Progress for Month of 
November 1942. 

Pinal Report on the Concentration 
of Deuterium Oxide by Vapor Phase 
Catalytic Exohange at Low Pressures • 

Eighth Progress Report on the Centri- 
fuge Frojeet, the Heavy Vlater Project 
and Miscellaneous Chemical Projects 
Dealing Mainly with Fluorooarbons and 
Fluorine* 

Progress Report for Month of February 
Centrifuge Plant. 



Date 



E. V. Murphree 9 Nov 1942 



A. K. Redoay 24 Nov 1942 



C. F. Hiskey 
0. F. Quinn 



Am Km Red cay 



6 Dec 1942 
14 Deo 1942 

16 Deo 1942 



W. J. Thompson 11 Feb 1945 
E. W. Ihiele 
R. Rosen 



E. V. Murphree 10 Mar 194S 



I 



CI. 11 



APPENDIX C2 



CONTKACTS 



(Filed in MED Classified Contraot Files) 



Contraot Number 



Contractor 



Subjeot 



Date 



(Effeotiva 
From) ' 



OEMar 107 



OElisr 149 



OFMsr 166 



OEMsr 407 



OESisr 412 



OBIsr 482 



OEMsr 693 



Columbia University Investigations of 29 Oct 1941 

catalysts and other 
aids for separation 
of deuterium. 



1 July 1941 



Univ. of Minnesota Investigations of 19 Nov 1941 1 July 1941 

mass spectrographs 
and the construction 
of spectrometers. 



Standard Oil Deve- 
lopment Company, 

i 



Standard Oil Deve- 
lopment Coapany 



Columbia Univ. 



Northwestern Univ. 



Investigation, eon- 8 Deo 1941 1 Aug 1941 
struct! on and opera- 
tion of pilot plant 
for production of 
heavy water* 

Investigations of 23 May 1942 21 Jan 1942 
catalysts for large 
soale use for pro- 
moting exchange of 
deuterium. 

General investlga- 23 May 1942 1 Deo 1941 
tions including that 
of separating heavy 
water. 

Investigations of 18 June 1942 1 May 1942 
development and con- 
struction of continu- 
ous analytical appara- 
tus. 



Universal Oil 

Products Company 



Investigations of 
nickel, or other 
oatalysts for pro- 
moting exchange 
reaction. 



16 Oct 1942 10 Sept 1942 



OEMar 776 



E.I.duPout de 
Nemours & Co. 



Engineering studies 8 Dec 1942 
for production of a 
certain chemical by 
distillation. 



1 Oct 1942 



C2.1 
s^|_^ryr~>rp 



Contract Number Contraotor 



Subject 



Date 



( Ef f eetive 

From) 



OMar 797 



Consolidated Kin- Preliminary engineer- 4 Jan 1943 1 Feb 1942 



ing & Smelting Co*, 
of Canada, Ltd* 



« 7401 eng IS Stone & Webster 
Fngi nee ring Corp. 



ft 7405 eng 10 Consolidated Min- 
ing & Smelting 
Co., of Cansda, 
Ltd. 



Vi 7405 eng 11 Consolidated Min- 
ing k Smelting 
Co* of Canada, 
Ltd. 

ft 7405 eng 16 Earshaw Chemical 

Company 



W 7405 eng 50 Columbia Univ. 



W 7407 eng 6 Bslcer * Company, 
Inc. 



H 7412 «nr 4 E'.I.duPont de 
Nomours A Co* 

(Letter Contract) 



June 1942 As dated 



ing on a large scale 
P-9 plant* Alterations 
at contraotor' s plant 
to allow up to 5 stage 
casoade operation* 
Investigations and 
tests of catalysts* 

General A-E-M ser- 29 
▼ices including those 
applicable to CM&S Co. 
plant at Trail, B. C. 



Alteration of exist- SI July 1942 
ing facilities and con- 
struction of new facili- 
ties, at contractor's 
Trail, B. C, plant, for 
production of P-9, 



As dated 



Operation of P-9 
(Government) plant 
at Trail, B. C. 



July 1942 As dated 



Processing and de- S Nov 1942 As dated 
livering 90,000 
pounds of Product 
So. 80* 



Continuation of 
work terminated 
under preoeding 
eontraot OFMsr 
412. 

Supply of the se- 
oond oharge, appro- 
ximately 36,000 
pounds, of product 
No. 43. 



7 June 1945 1 May 1943 



29 Mar 194S As dated 



Investigation of 
data, from engineer- 
ing and operating 
viewpoint, for plant 
practicable for manu- 
facture of P-9. 



16 Nov 1942 As dated 



C2*2 . 




Contract Number Contraotor 



Subject 



Date 



(Effective 

Frog.) 



Iff 7412 eng 4 (Continued) 



*-0RD-490, E.Z.duPont de 
Suppl erne ntal Nemours k Co* 
Agreement No. 7 



W-OKD-526, 
DA-W-ORD-1 
Supplemental 
Agreement 
Number 13 



E.I.duPont de 
Nemours & Co* 



K-ORD-556, 
DA-W-OKD-38 
Supplemental 
Agreement 
No. 6. 



E.I*duPont de 
Nemours tt Co*, 



Preparation of 
design for the 
. preoeding plant. 
Consultant services 
regarding develop- 
ment and adaptation 
of the subject 
design. Development, 
construction, and 
operation of the P-9 
plant unit* 

Supersedes Letter 11 May 1949 16 Nov 1942 
Contraot W 7412 eng 4 
for design, engineer- 
ing, construction 
and operation of 
facilities for the 
production of Pro- 
duct No. 9 near 
Morgantown, W. Va. 

Supersedes Letter 11 May 1948 16 Nov 1942 
Contract W 7412 
eng 4 for design* 
engineering, con- 
struction and opera- 
tion of facilities 
for the production 
of Product No. 9 at 
Childersbnrg (Sylaeauga), 
Alabama* 

■ 

Supersedes Letter 11 May 1943 16 Not 1942 
Contract Tf 7412 
eng 4 for design, 
engineering, con- 
struction and opera- 
tion of facilities 
for production of 
Product Ho* 9 at 
Newport (Uontetuma), 
Indiana* 



C2.3 



Contraot Number Contractor 



> Subject 



Date 



(Effective 
From) 



n 7412 eng 63 S.I.duPont de 
* Heiaours & Co* 



W 7418 eng 70 Allied War 

Supplies Corp. 



Studies of data 15 liar 1944 19 July 1942 
relating to ex- 
traction of P-9 f 
making use of tri- 
othylamine and pro- 
vide confirmation by 
construction and opera- 
tion of a small seml- 
works unit. Furnish 
consultant service to 
individuals to be 
designated* 

Agreement to the 9 Deo 194S 12 Jan 1943 
Boiler Plant Extension 
erection at Trail, B.C. 



C2.4 




APPEHDIX D 



LIST OP OTHER DATA IN FILES 



Dl. Minute* of seating! of Polloy Making Committees. MED Classified 
Pilot. 

D8. General oorrespondenoe, Manhattan District Claisifiod Pi lee. 

D5. Table, "Production of Ammonia in the United States and Canada • • • 
Movember 27, 1941", transmitted by letter 11 Deoember 1941. 
MD 400.17 (9). 

D4. Letter, du Pont Co. to Distriot Engineer, 7 April 1943, MD 600.11 
(P-9). 

D5> Letter, Dr. H. C. Vernon, Columbia University, to General Groves, 
9 April 1943. MD 600.12 

D6t Memorandum, District Engineer to General Groves, 27 April 1943. 
MD 400.1149 

D7. Letter, Stone & Webster to MED Area Engineer, Boston, Mass., 
18 June 1943. MD 600.914 (Completion Report) 

DS. Letter, du Pont Co. to Distriot Engineer, 24 Deoember 1942. 
MD 600.1 (x463) (9) 

D9. Letter, du Pont Co. to Distriot Engineer, 29 Deoember 1942. 
MD 600.1 (x463) (9) 

D10. Memorandum, Major Trayaor to Distriot Engineer, 23 November 1943. 
. ID 337 (P-9) 

Dll. Letter, Distriot Engineer to Dr. C. H. Wright, C. M. ft S. Co., 
27 Maroh 1944. MD 400.1141 (9) 

D12. Letter, Distriot Engineer to Dr. J. A. Monier, du Pont Co., 
6 September 1944. MD 400.1141 (9) 

D13. Completion Report, Construction of Projeot lo. 9, Trail Area, 
Trail, B. C, 1 September 1942 to SO June 1943. 
MD S00.914 (Trail Completion) 

D14. Maps shoving outlines of property leased by 0. 8. Government, 

at Trail, B.C. With Contraot W-7406 eng-10 (see App. C2). 



1* 



App. D.l 



nrflM 3 ^^ 



APPEBDH D (Continued) 



D15. 



Organising and Operating Instructions, Ssoondary Oonoontration 
Plant (Trail) - Operating Manual, Projaot 8, Section 800, 
Report 14. MD 461. (Dated 26 August 1845, with subsequent 
re-visions) 



D16. Completion Report of Manhattan District Projeot constructed at 
Morgantown Ordnanoe Works. MD 600*814 MOW Completion 

D17. Completion Report, Job P-8, Wabash River Ordnanoe Works • . MD 
000.814* WOW Completion 

DlS* Completion Report of P-8 Plant, Alabama Ordnanoe Works* 18 
lOTcmber 1848. MD 600.814 AOW Completion 

DlS. Utter, du Pont Co. to MSD, 81 March 1843, MD 400.118 

* 

D20. Operating Manual for Plants in 9. 8. To supersede i "Memorandum 
Report TD-1, Preliminary Operating Manual, P-8 Manufacture, 
W-Proeess", dated 17 May 1848. MD 461. 

D21. Construction Drawings, Trail Plant. MSD Record Retirement Section. 

D22. Construction drawings, Plant at Morgantown Ordnanoe Works. MED 
Reoord Retirement Section* 

D28. Construction drawings, Plant at Wabash River Ordnanoe Works. MED 
Record Retirement Scotlon* 

D24. Construction drawings, Plant at Alabama Ordnanoe Works, MED 
Record Retirement Scotlon. 



D25. Letter, du Pont Co. to Distrlot Engineer, 28 February 1843. 
MD 121.4 (8) 

D26. Letter, Distrlot Engineer to du Pont Co., 8 May 1848. MD 121.4 (8) 

D27. Letter, du Pont Co. to MED Area Engineer, Wilmington, Del., 27 
July 1848, transmitted to Distrlot Engineer, 28 July 1848. 
MD 121.4 

D28. Monthly reports of operations from Area Engineer at Trail, B. 0. 
MD 600.81 (8) 

D2B. Letter, Dr. Drey to Major Traynor, 2 February 1844. MD 600.18 (8) 
D30. Memorandum, Major Sally to Major Traynor, 4 March 1844, MD 600.18 (8) 
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DS1. Memorandum, Gtpt. Barnatt to Major Traynor, 4 Maroh 1944. 
MD 400.17 (0) 

D32. Memorandum, Oapt. Barnatt to Major Traynor, 17 June 1B44. 
MD 887 (9) 

D88. Memorandum, Capt. Barnatt to Major Traynor, 18 August 1944* 
MD 400.17 (9) 

D84. Produetion rsoords of Trail Plant. MED Production Files. 

DS6. Operating eosts of Trail Plant , MED Piaoal Disbursing Youoher 
Pile. 

> 

D86. Memorandum, Capt. Barnatt to Major Traynor, 2 loTembor 1944. 



D87. Letter* Pield Direotor of Ammunition Plants, 0C0, to CO., 
Morgantovn Ordnanee Works, 4 June 1948. MD 600.18 

D88. Monthly reports of operations from du Pont Co. MD 600.914 (9) 

D89. Memorandum, Capt. Barnatt to District Engineer, 17 June 1944. 
MD 400.17 (9) 



D41. Utter, Dr. Urey to Di it riot Engineer, 17 July 1944. MD 600.17 (9) 

D42. Letter, Dr. W. K. Levis* Committee to Distriot Engineer, 18 
August 1944. MD 400.17 (9) 

D48. Letter, du Pont Co. to Distriot Engineer* 86 August 1944. 
MD 600.18 <9) 

D44. Letters (2), du Pont Co. to Distriot Engineer, 8 January 1946. 
MD 600.914 (9) 

D46. Produetion reoords of plants in D. 8. MED Produetion Piles. 



D46. Operating eosts of plants in U. 8. MBD Plsoal Disbursing Youoher 
File. 



D47. Lettera (8), du Pont Co. to Distriot Engineer, 9 February 1948, 
80 Maroh 1948, and 80 March 1948. MD 121.4 (9) 

D48. Operating Pees, Plants in U.S. MED Cost Section Pile. 
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Memorandum, Capt. Barnatt to Major Traynor, 20 July 1944. 



MD 887 (MOW) (1400.17 (9)) 
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Appt Appendix WROWt Wabash River Ordnanoe Works 



Aokart, E. 0.,'6.5 
Administration, 6*1 
Alabama Ordnanoe Works s 1.2, 2.10 
S.16 

buildings, 4*22 
Construction, 4.21j Costs, 

4.25, 4.26 
Contracts, S.16, 4.21, 6.12, 

App. C 
Deoisions, 2.10 
Design, 8.15 

fixed fee, construction, 4*26 
operation, S.12|*oosti, 6.25| 

history of, S.14 
process, description of, 5*18 
produotion, oapaoity, 2.10, 

6.12, 6.16| 

oosts, 5.26 j fees, 6.12, 

records, 6.25 
progress of oonstruotion, 4.24 
site, 3.16 j plan, 4.21, App. A 
utilities, 4.25 
Allied Vfar Supplies Corp, Canada, 
5.S 

Area Gate and Guard Bouse, ACW, 

4.25 j WROW, 4.18 
Areas, ground, at trail, 5.3 
Artisan lfetal Produots, Inc., 4.2 
Assay Laboratory, 4.4 
Authorisation, 1.5 

Badger Js Sons Co., E. B., 2.10, 
5.4, 5.6 

Baker, & Co., J.T., 5.8, 4.1, 4.2 
Barnett, Capt. M. J., 6.1, 6.2 
Basic Theory, 2.1 
Bebbington, Or. W.F., 6.5, 6.4 
Boiler Bouse, Trail, 4.6| MOW, 

4.12 f WROW, 4.18 
Booster Building, 4.3 
Brinkman, Major, E. A., 6.2 
Bubble caps, 4.11, 4.17, 4.22, 

6.19, 6.20 



Buohanan,' J., 6.4 
Buildings, Trail, 4.5j AOW, 4.22j 
MOW, 4.10 f WROW, 4.16 

Canadian Government, 5.5, 5.8 
Catalysts, 5*7| oontraots, 5.4, 5.8, 

8.9, 8.10, 4.1j studies and 

investigational 2.2 
Catalyst Shed, 4.6 
Catlett, Capt. W. A., 6.2 
Change House, Offioe and Laboratories, 

AOW, 4.22 f MOW, 4.11 J WROW, 4.17 
Chicago, Univ. of, 2.15, 6.82 
Childersburg, See Ala. Ordnanoe Works. 
Chimneys, 6.20, 5.21 
Christzoan, J. M., 6.5 
Coke and natural gas, 2.5 
Columbia River, 2.8 
Columbia University, 2.8, 2.8, 8.8, 

3.9, 6.2 1 

Completion of oonstruotion, Trail, 4.7, 

4.8f AOW, 4.24} MOW, 4.15, 4.14f 

WROW, 4.19, 4.20 
Concentration of heavy water, 2.1, 

2.15, 2,14, 5.5, 5.20 
Congress, authority granted by, 1.3 
Consolidated Mining A Smelting Co., 2*8 

oontraots, 2.9, 5.2, 5.5, 4.1, 5*1, 

App. C 

deoision, 2.8 
fixed fee, 4.9 

personnel, 6.1, 6.2, 6.5, 6.4 
plant, 2.5, 5.1 
studies, 2.5 
Construction, 4.1 

Trail, 4.1, costs, 4.9, progress, 
4.7 

AOW, 4. 21 | oosts, 4.26, progress, 
4.24 

MOW, 4.10, oosts, 4.15, progress, 
4.13 

WROW, 4.16} oosts, 4.20, progress, 
4.19 
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Conatruotion costs. Recapitu- 
lation, 4.26 

Construction Personnel, 6.3 

Consultants during operation, 
6.19, 6.4 

Contents, i 

Contracts, App. C 

for research projeots, 2.2 
plants in U.S., 2*12, 8*16 
4*10, 4,16, 4.21, 6.11 

v Trail plant, 2.9, 5.3, 4.1 - 
5.1 

Cooling Tower, MOW, 4.12, Trail, 
4.4 

Coosa River, 3.16 

Corpus Christi, Tex., 2.11 

Costs, * 

plants in 9*8., 8.21, 4.15, 

4.20, 4.26 
recapitulation (construction) 
4.26 

Trail, 3.11, 4.9, 6.9 
Custer, Gordon, 6.4 

Data in files, teohnioal reports 

and contracts, App. Cj 

other, App. D 
Decisions, principal, 2.8 

required, 2.6 
Design and Engineering, 3.1 

personnel, 6.8 

plants in U.S., 3.11} 

procedure, 3.17 

Trail, 3.1 j procedure, 3.4 
Deuterium Oxide, 1.1, 2.1 
Development, Research and, 2.1 

personnel, 6.2 
Diagrams, flour (process), 

App. A 
"Direct Method", 2.4 
Distillation process, eater, 

2.7, 3.18 
Distillation Towers, AOW, 4.22; 

MOW, 4.11 j TOOW, 4.17 

oorreotion at MOW, 5.19, 
6.20, 6.21 

proposed at Trail, 5.8 
Dole, Dr. M., 6.2 



Drawings, App. A, D 
du Pont Co. (E.I. du P # de Nemours 
k Co.), 

contracts, 2.12, 3.16, 8.18, 4.10, 
4.16, 4.21, 6.11 

fixed fee, AOW, 4.25f MOW, 4. IB; 
WROW, 4.21 

personnel, 6.3, 6.4 

studies, 2*8 
Electrolytic Cells, Trail, 8.6, 4«4| 

proposed inorease, 5.7 
Electrolytic Finishing prooess, 3*20f 

building, 4.11 
Electrolytic Method (hydrogen pro* 

duotlon), 2.5, 2*7, 3.2 
Engineering, Design and, 8.1 

personnel, 6.8 

plants in U.S., 3.11 

Trail, 3*1 

Farrow, Edward S., 6.4 

Fence, Trail, 4.7 

Files, data in, App. C, D 

Finishing (Eleotrolytio) Bldg., 4.11 

prooess, 3.20 
Fisher, H. E., 6.3 
Fixed fee, AOW, 4.25 | MOW, 4,16 j 

Trail, 4.9f WROW, 4.21 
Flow diagrams, App. A 
Frits, H. W«, 6.3 

Gary, Tom C, 6.3 
General Investigations, 2.6 
Germans, 1.1 
Graphite, 1*1 

Ground areas, at Trail, 3.8 

Groves, Maj. Gen. L.R., 1.3, 2.12, 6.1 

Sarshaw Chemical Co., 3.9, 3.10, 3.11, 
4.1 

Hartridge, A. L., 6.3 

Beavy hydrogen, basic theory, 2*1| 

ratio in natural hydrogen, 2.1 
Heavy water, l.lj basic theory, 2.1| 

concentration, 2.1, 2.13, 3.6j 3*20; 

ratio in natural water, 2.1 
Heresite, 2.7 

Hi oka Engineering Co., S. D., 4.2 



History of operation, plants in 
U. S., 5.14) Trail, 6.4 

Hopkins, H s S., 6.4 

Housing, AOW, S.16j HOW, 5.12) 
WROW, 5.14 

Hydrogen, b&sio theory, 2*1 

Hydrogen, gas process, 2,6, 2*8, 
5.6 

Hydrogen Sulphide prooess, 2,7 

«« 

Inhibitors, 2.7 
Investigations, 2.6 
Isotopes, 2,1 

Jones, T. A., 5.4 

- 

King, Capt, Joseph H., 6,2 
Krewatoh, W, V,, 6,4 

Layouts, of plants, App, A 
Leases, at Trail, 3.2, 4.2| 

(operation oontraafa), 6,2 
Lewis, Dr. W. K., 6.4 

Marshall, Col* J. C, 6.1 
Massachusetts Institute of 

Technology, 2.3, 2.8 
Military Policy Committee, 1*3, 

6.1 

Minnesota, University of, 2,3, 
, 6.2 

Monier, Dr. J, A*, 6,3 
Monongahela Elver, 3,11 
Montesuma, see Wabash Elver 

Ordnanoe Works 
Morgantown Ordnanoe Works, 1.2 

2.10 

buildings, 4.10 
oonstruotion, 4.10| oosts, 

4.15, 4.26 
oontraots, 3.17, 4.10, 6.11, 

App. C 
decisions, 2.10 
design, 3.11 

fixed fee, oonstruotion, 4.16 
operation, 6.11} oosts, 5.25j 
history of, 6.14 



prooess, 3.18 

production, capacity, 2,10, 6.11, 
S.lSf 

oosts, 6,25j fees, 6.11, reoords, 
6.23 

progress of oonstruotion, 4,13 
site, 3,llj plan, 4,10, App, A 
utilities, 4.13 
Murphree, Dr. E. V., 6.2 

Sew Orleans, La., 2.11 
Hewport, see Wabash River Ordnanoe 
Works 

filohols. Col* K. D*, 2,12, 6*1 
Nlokel-chromium catalyst, 3*4, 3,7, 
3.9 

Sler, Dr. A. 0.« C*, 6,2 

Nomenclature, 2*8 

Northwestern university, 2.3, 6*2 

Operating Costs, 

plants in U.S., 6.26j Trail, 6*9 

recapitulation, 6.29 
Operating personnel, 6.4 
Operation, plants in U.S., 6.11j 

procedure, 5.15 

Trail, 6.1 
Ordnanoe Plants, see Alabama, 

Morgantown and Wabash Elver 

Ordnanoe Works 
Organisation and Personnel, 6*1 
OSHD, 1.3, 2.2, 2.6, 2*9, 2*10, 6.1 
Oxygen Scrubber, Tower, 4*4 

Personnel, Organisation and, 6.1 
Photographs, App, B 
Pilot Plants, 2.2 

Platinum-Charcoal catalyst, 3.7, 3.8 
Plutonium, 1,1 
P-9, definition, 1,1 
Power House, See Boiler House 
Primary Evaporator Bldg., 4.3 
Primary Plant, Trail, prooess, 8.5 
'Primary Tower Structure, 4,3 
Princeton University, 3.8, 6,2 
Problem for solution, 2.1 
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Procedure, for design end 
engineering, 

plants in U. S., 5.17| Trail, 
5,4 

for operation, plants in 
U# S., 5.13 
Prooess, description, plants 
In U.S., S,18j Trail, 3.5j 
diagrams, App* A 
Prooesses considered, 2*6 
Prooess Pump and Control Bldg., 
AOW, 4.22) MOW, 4.10) WROW, 
4.16 

Product, speoifi cations, 2*13 
"Product 43", 3.8 
"Product No. 80", 3,10 
Product Storage Bldg, AOW, 4 .25) 

mow, 4,l2j mm, 4.17 
Production, plants in U.S., 5.15) 

Trail, 6*6 

eapaolty, plants in U.S., 

2.10, 2.11, 6.11, 5.15, 

Trail, 2.8, 6.6 
oosts, plants in U.S., 6*25j 

Trail, 6.0 
estimates, plants in U.S., 

6.16j Trail, 6.6 
fees, 6*12 

recapitulation, records, 

6.29j ooBtB, 5.30 
reoords, plants in U.S., 
6.23j Trail, 6.8 
Progress of construction, , v 
AOW, 4.24 j MOW, 4.15 | 
WROW, 4.19) Trail, 4.7 
Pump House, Trail, 4.4) WROW, 
4.18 

Purchase Orders, 4.2 
Purpose, 1.1 

Bead, Granville M», 6.3 
Recapitulation, construction 

oosts, 4.26 

production oosts, 5.30 

production reoords, 6.29 
Reports, technical, 2.2, App. C 
Re a ear oh and Development, 2.1j 

personnel, 6.2 



Research projects, spec if io, 2.2 
Rosbach, Major L, E., 6.2 

Sally, Major J. F*, 6.2 - 

Secondary plant, building. Trail, 4.4 

probess, Trail, 3.7| (finishing) 

MOW, 5,20 

Semi-finished product, specifications, 
2.14 

Shipments of material, 6.51 
Shutdown, 6,23 

Sites, plants in U. S., 3.11) plans, 

4,10, 4.16, 4.21, App, A, 
# Trail, 3.1 j plan, 4.2, App. A 
5-1 Committee of OSRD, 1.3, 2.7, 3*6, 

5.8, 3.9, 6,1 
Specifications of the product, 2.13) 

Semi-finished, 2.14 
Speoifio Research Projects, 2,2 
Stainless Steel, 2.7 
Standard Oil Development Co., 6*2 

contract, 2.2 j investigation* 2.2 
Start of construction, AOW, 4.24) ' 

MOW, 4.13| WROW, 4.19f Trail, 4,7 
Startup of Operation, plants in U.S., 

6.14 | Trail, 5.3 
Steam Boiler Plant, Trail, 4.6j (See 

also Boiler Bouse) 
Stone k Webster Engineering Corp,, 

2.10, 3.3, 3.8, 3.10, 4.1, 6.5, 6.4 
Styer, Oen. W. D., 6*1 
Sunsnary, SI 

Sylaoauga, See Alabama Ordnance Works 

Tadanao, B. C, 5*2 

Taylor, Dr, B* S«, 6.2 
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Teidje; B. F., 6.3 

Thayer, Or. V. R., 6.3, 6*4 

Theory, basic, 2.1 

Thiele, Br. Ernest, 6.2, 6.4 

Towers, AOW, 4.22) MOW, 4.11} TOOK, 

4.17) Trail, 4*3 j (Proposed) 6.8 
Trail, B.C., plant at, 1.1, 2.5, 2.9. 2*1 

3.1 

buildings, 4.3 

construction, 4.1j oosts, 4.9, 4.26 
oontraots, 2.9, 6.3, 4.1, 5.1, App. C 
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dosign, S.lj 003tS, S.ll 
feo, construction, 4*9 
leases, 4.2j (operation 

contract), 5*1 
operation, 5.1) history of, 

1,5 

prooess, 8.5 

production, oapaoity, 2.6, 
6.4 | costs, 6*9 j ro cords, 
5.8 

progress of oonstruotion, 4.7 
site, 5»1| plan, 4.2, App« A 
utilities, 4.6 
Zraynor, Major H. S., 6#1 
Trlethylamine proooss, 2.4, 2,8 
Tunnel caps,' 4.11, 4.17, 4.22 
Tyler, W# 6.8 
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United States, plants in, - see 
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Wabash River Ordnance Works | 
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3.9, 3.10, 3.11, 6. 2 j (studies) 
2.5 
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Urey„ Dr. H. C«, 6.2 
Utilities, AOW, 4.23| MOW, 4.13j 
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2.10 

buildings, 4.16 
oonstruotion, 4.16j costs, 

4. 20 | Becapitulatlon, 4*26 
oontraots, 8.17, 4.16, 6.12, 

App. C 
decisions, 2.10 
design, 3.18 
fixed fee, 4.21 
operation, 6.12 | history of, 
8.14 

production, oapaoity, 2.10, 
5.12, 6.15} oosta, 8.25| 
feos, 6.12} reoords, 5.28 

progress of oonstruotion, 4.19 



site, 8.11) plan, 4.16j App. A 
utilities, 4.19 

Wardenburg, F. A., 6.8 
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WfiOW, 4.18 
TUarfield, B. C, 8.2 
Water distillation prooess, 2.7, 

^2.10, 8.18 
Webb, Dr. G. ■., 6.2 
Wells and Pumps, WROW, 4.18 
Wells, Dept. W. 0., 6.2 
"W" prooess, 2.7 
Wright ^ Dr. C, &., 6.5, €.4 
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